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During  the  reporting  period  twenty* two  target  compounds  have  been 
examined,  and  the  preparation  of  fourteen  compounds  was  completed.  Three 
of  these  compounds,  ARA  ADA,  AVS  206,  and  AVS  360  TH  were  resynthesized 
and  submitted  twice. 

The  following  compounds  were  delivered:  Ribavirin  amldlne  l^drochlorlde 
(AVS  206;  ribavirin  methylamldate  (AVS  206  AE) ,  acetylarablnoadenlne  (ARA 
ADA);  combretastatln  (AVS  353);  combretastatln  acetate  (AVS  353  AC);  3* 
deazaguanlne  (AVS  272);  3*deazaguanoslne  (AVS  215);  thlazofurln  nitrile 
(AVS  TFN),  and  phenanthrldone  derivatives  AVS  360  INT;  AVS  360  MA,  AVS  360 
TH,  AVS  360  TA. 

The  syntheses  of  the  following  target  compounds  remains  under  Investiga¬ 
tion,  and  their  preparations  are  In  progress:  5 -Hydroxy- 1,2,3 -trlazole -4- 
carboxamlde  (AVS  94);  5-Hydroxy-l- (^-D-rlbofuranosyl) -1 , 2 , 3-triazole-4- 
carboxamlde  (AVS  136);  1,2 ,4-trlazole-3-carboxyllc  acid;  l,2,4-trlazole-3- 
carboxamlde ;  l-^-D-rlbofuranosyl-l,2,4-trlazole-3-carbo]^late;  phenanthrldone 
derivatives  (AVS  360),  prodrug  ester  and  a  large-scale  preparation  of 
ribavirin  amldlne  hydrochloride  (AVS  206). 


All  information  in  this  report  is  the  property  of  the  U.S.  Am^  Medical 
Research  and  Development  Command.  The  contractor  retains  no  copyright  or 
patent  rights. 

All  target  compounds  reported  herein  were  prepared  in  strict  compliance 
with  "Current  Good  Manufacturing  Procedures"  (CGMP)  guidelines.  All  inter¬ 
mediates  and  final  products  unreported  in  the  chemical  literature  were 
fully  characterized  by  elemental  and  spectral  analyses. 


Ilia.  CUMULATIVE  LIST  OF  COMPOUNDS  COMPLETED  AND  DELIVERED  TO  U.S.  ARMY 
MEDICAL  RESARCH  INSTITUTE  OF  INFECTIOUS  DISEASES  (USAMRIID) 


Compound 

AVS  206  l-^-D-Ribofuranosyl-l,2,4-trlazole- 

3-carboxamidlne  hydrochloride 

AVS  206  l-^-D-Ribofuranosyl-l,2,4-trla2ole- 

3-carboxanidlne  hydrochloride 

AVS  206  AE  l-^-D-Rlbofuranosyl-l,2,4-trlazole- 
3>methylamldate 

ARA  ADA  9-(2' .3' -Dl-O-acetyl-^-D- 

r Ibof uranosyl ) adenine 

ARA  ADA  9-(2' .3'-Dl-0-acetyl-^-D- 

r  Ibof  uranosyl  ) adenine 

AVS  353  Conbretastacln 

AVS  353  AC  Combretastatln  acetate 

AVS  272  3*Deazaguanlne 

AVS  215  3-Deazaguanoslne 

AVS  TFN  Thlazofurln  nitrile 


Production 


Amount 

Control  No. 

70.0  g 

1892 

410.4  g 

1996 

1.15  g 

2050 

25.5  g  2011 


23.0 

g 

2090 

9.5 

g 

1714 

1.0 

g 

1723 

25.3 

g 

1706 

24.0 

g 

1873 

380 

mg 

• 

AVS  INT  4aH-r,lH-trans,lH-Hydroxy«l,9- 

methylenedloxy-l,4,4a,10b-tetrahydro- 
6(5H)phenanthrldone  220  mg 

AVS  360  MA  4aH-r,lH-trans.2H-cls,3H-trans,4H- 
trans , lObH- trans-1 ,3 ,4-Trlhydroxy-2 
acetoxy- 8 , 9 -methylenedloxy • 1,2,3,4,4a, 

10b-hexahydro-6(5H)phenanthrldone  1.23  g  1763 

AVS  360  TH  4aH-r,lH-trans,2H-cl8,3H-trans,4H- 

trans , lObH- trans-1 , 2 ,3 ,4-Tetrahydroxy- 

8.9- methylenedloxy-l,2,3,4,4a,10b- 
hexahydro - 6 ( 5H ) phenanthrldone 

AVS  360  TH  4aH-r,lH-trBns,2H-cls,3H-trans,4H- 

trans , lObH - trans -1,2,3 , 4-Tetrahydroxy- 

8 . 9 - me  thylenedloxy- 1 , 2 , 3 , 4 , 4a , 10b - 
hexahydro - 6 ( 5H ) phenanthrldone 

AVS  360  TA  4aH-r,lH-trans,2H-cl8,3H-trans,4H- 

trans , lObH - trans ,1,2, 3 ,4-Tetraacetoxy- 

8 . 9 - methylenedloxy -1,2,3,4,4a, 10b - 

hexahydro-6(5H)phenanthrldone  1.84  g  1807 


1.5  g  1746 


4.4  g  2080 


RVS-206) 


4 

PVS-a06  RE 


RRfl-ROP 


flVS353 


RVS353PC 


flVS-272 


AYS  215 


RVS-TFN 


one 


one 


RVS360np 


PVS360TH 


OVS360Tn 


AVS  206 


2*2*5* -Trl-O-acetvlrlbavlrln  (2):  A  mixture  of  ribavirin  (50  g, 
0.2  mol),  acetic  anhydride  (600  mL) ,  and  4,4-dimethylaminopyrldine  (1  g) 
was  stirred  for  60  hours.  Unreacted  acetic  anhydride  was  evaporated  under 
reduced  pressure  at  40*.  The  obtained  viscous  residue  was  treated  with 
ethanol  (500  mL) ,  and  upon  evaporation  of  the  solvent  the  product  was 
dissolved  in  cold  water.  The  aqueous  phase  was  extracted  with  ethyl  acetate 
(3  X  300  mL) .  The  combined  organic  layer  was  dried  over  sodium  sulfate, 
and  evaporated  to  give  a  solid  foam  which  showed  as  a  single  spot  on  TLC. 
Yield:  75.8  g  (100%). 

1-  (2 . 3  ■  5-Tri-O-acetvl-fl-D-ribofuranosvl')  -1.2 . 4- triazole  -  3 -carbonitrlle 


(2):  Tri-0-acetylribavlrln  2  (74  g,  0.2  mol)  and  triethylamine  (411  mL, 
2.9  mol)  were  dissolved  in  chloroform  (1200  mL)  and  cooled  to  0*.  Phos¬ 
phorous  oxychloride  (52  mL,  0.55  mol)  was  added  dropwise  over  a  period  of 
30  minutes.  The  reaction  mixture  was  kept  at  0*  for  another  30  minutes, 
then  the  ice  bath  was  removed  and  the  reaction  was  stirred  at  room  temper¬ 
ature  for  3  hours.  The  solvent  was  evaporated  under  reduced  pressure, 
then  the  residue  was  dissolved  in  ethyl  acetate  (1500  mL) ,  The  ethyl 
acetate  solution  was  washed  with  water  (2  x  500  mL)  and  with  saturated 
sodium  bicarbonate  solution.  The  aqueous  washings  were  combined  and  ex¬ 
tracted  with  ethyl  acetate  (200  mL) ,  the  combined  organic  layers  were 
dried  over  sodium  sulfate,  and  treated  with  charcoal  at  room  temperature. 
After  filtering  through  a  Celite  bed  the  filtrate  was  evaporated  to  dryness 
to  yield  a  colored  syrup.  The  syrup  was  dissolved  in  dlchlorome thane 
(300  mL)  then  the  solution  was  passed  through  a  short  column  packed  with 
silica  gel,  and  eluted  with  ethyl  acetate/dlchloromethane  4:1  (500  mL) . 
After  evaporation  of  the  solvent  a  white,  crystalline  material  was  obtained 
which  was  homogeneous  on  TLC.  Yield:  48.2  g  (68%)  m.p.  96-98*;  lit.  96-97*. 

1-5-0-Ribofuranosvl-l .  2  ■4-triazole-3-carboxaniidine  hydrochloride 
(4)':  A  mixture  of  the  cyanotriazole  derivative  2  (47.6  g,  0.135  mol), 
ammonium  chloride  (7.3  g,  0.137  mol)  and  anhydrous  liquid  ammonia  (1000  mL) 
was  kept  in  a  sealed  steel  bomb  at  90*  for  eighteen  hours.  Subsequently, 
the  ammonia  was  allowed  to  evaporate  during  a  twelve  hour  period.  The 
residue  was  dissolved  in  ethanol  (1600  mL) ,  treated  with  charcoal,  an-’ 
filtered  through  a  Celite  bed.  The  ethanolic  solution  was  concentrated  to 
about  400  mL  when  the  product  started  to  crystallize.  After  filtration 
the  mother  liquor  was  concentrated  to  about  150  mL  when  a  second  crop  was 
obtained.  The  first  and  second  precipitate  were  found  to  be  identical  and 
they  were  combined,  washed  with  ethanol  and  ether  (100  mL)  to  give  a  total 
yield  of  29.3  g  (78%)  m.p.  179-180*;  lit.  177-179*. 


D-Ribofuranosvl-l ■ 2 .4-Trtazole-3-carboxamldlne  hydrochloride.  AVS  206 


AVS  206  was  synthesized  according  to  the  following  scheme; 


I  COOH  HgO 

HNtC  -HoCO,  +  I  - 

I  COOH  A 

NHg 

1  2 


9 


10 


HO  OH 

n 

flVS-206 


AVS  206 


5-Anitno-1.2.4-trla2ole-3-carboxvllc  acldA  Q) :  Oxalic  acid  (11.2  Kg, 
123.6  mol)  was  dissolved  In  water  (235  L).  While  stirring  anlnogvianldlne 
bicarbonate  (10.5  Kg,  77.14  nol)  Is  added  portlonwlse.  The  reaction  mixture 
Is  heated  to  85*,  and  kept  at  85-92*  for  eight  hours.  Upon  cooling  to 
about  70*  a  solution  of  sodium  hydroxide  (13.25  Kg,  50%  in  10  L  water  )  is 
added,  then  the  reaction  batch  Is  reheated  and  kept  at  reflux  for  90  minutes. 
After  cooling  overnight  the  turbid  solution  Is  filtered.  The  filtrate  Is 
neutralized  with  hydrochloric  acid  (4.5  L)  and  the  resulting  precipitate 
Is  collected  by  filtration.  The  product  Is  dried  at  55*  while  under  aspi¬ 
rator  vacuum  (3  days).  The  product  Is  used  In  the  next  step  without  further 
purification. 


Yield:  8.81  Kg  (89%);  m.p.  243*  (lit.  242-244*) 


1.2.4-Trlazole-3-carboxvllc  acldA  (4):  5- Amino- 1,2, 4 -triazole- 3- 
carboxyllc  acid  (1.4  Kg,  10.92  mol)  Is  dissolved  In  hot  hydrochloric  acid 
(3.4  L  cone.  HCl  and  8.4  L  watery.  After  cooling  to  5*C  a  sodium  nitrite 
solution  (1.160  Kg  sodium  nitrite  In  2.6  L  watery  is  slowly  added  while 
maintaining  the  temperature  below  10*  by  cooling  In  an  Ice  bath.  The 
precipitated  dlazo  salt  Is  collected  by  filtration  and  the  filter  cake  Is 
pressed  dry  without  letting  It  go  to  complete  dryness. 


Caution:  the  dry  dlazocompound  Is  explosive  and  it  detonates  violently 
when  submitted  to  heat  or  friction. 


A  small  amount  of  the  moist  diazonlum  salt  is  added  to  methanol  (6  L 
at  35*),  and  upon  Initiation  of  the  decomposition  reaction  strong  cooling 
In  an  Ice  bath  was  required  while  maintaining  the  reaction  in  balance  by 
adding  small  amounts  of  the  diazonlum  salt.  l^>on  completion  the  precipitated 
deamination  product  Is  collected  by  filtration  and  dried.  Yield:  394  g 
m.p.  125-126*.  This  product  Is  pure  enough  to  be  used  In  the  subsequent 
esterification  step. 


Methvl-1 .2 .4-triazole-3-carboxvlate^  (i)  :  To  a  suspension  of  1,2,4- 
trlazole-3-carboxyllc  acid  (2.125  Kg,  18.77  mol)  in  methanol  (12  L)  hydro¬ 
chloric  acid  gas  Is  Injected  while  maintaining  the  temperature  below  20* 
with  cooling.  After  gas  saturation  the  obtained  solution  Is  left  at  room 
temperature  for  five  days.  After  that  time  the  precipitated  hydrochloride 
salt  is  collected  by  filtration,  and  dried,  then  added  to  water  (4  L)  for 
hydrolysis.  The  methyl  ester  Is  filtered  and  dried.  The  crude  material 
Is  recrystallized  from  boiling  water  (8  L)'  to  give  purified  crystalline 
methyl  -1,2,4-  trlazol'e  -  3  -  carboxylate , 


Total  Yield:  1247  g  m.p.  198-199*  (lit.  198*) 


L. 


carboxvlate-^  (2):  Methyl-1, 2, 4-triazole-3-carboxylate  (127  g,  1  mol)  and 
l,2,3,5-tetra-0-acetyl-&-D-rlbose  (318  g,  1  mol)  are  mixed  thoroughly  and 
placed  in  a  three -neck  flask  equipped  with  a  mechanical  stirrer,  thermometer, 
and  take-off  condenser.  The  flask  is  immersed  in  an  oil  bath  preheated  to 
165*.  After  the  sugar  derivative  has  melted  bis-p-nitrophenylphosphate 
(2.5  g)  is  added.  After  stirring  for  5  minutes  the  pressure  in  the  reaction 
apparatus  is  reduced  and  the  generated  acetic  acid  distills  off.  After  30 
minutes  the  oil  bath  is  removed,  and  the  reaction  mixture  is  left  to  cool 
to  50-60*. 

The  highly  viscous,  dark  reaction  mass  is  slowly  poured  into  cold 
methanol  (1.2  L)  while  stirring,  and  the  product  starts  to  crystallize. 

Seven  such  fusion  reactions  are  performed,  and  the  combined  batches  are 
washed  with  methanol  to  give  a  total  of  2.2  Kg  (yield  61%)  of  methyl-1- 
(2,3,5- trl -O- acetyl -&-D - r Ibofuranosyl ) - 1 , 2 , 4 - triazole - 3 - carboxylate .  M . P . 
104-105*  (lit.  107-109*).  Thin  layer  chromatography  Indicates  that  the 
product  is  almost  exclusively  the  &- Isomer. 

1-S-D-Rlbofuranosvl-l. 2. 4- triazole- 3 -carboxamide  (Ribavirin)^^  (fi) : 
Methanol  (22  L)  is  placed  in  a  stainless  steel  reactor  and  cooled  to  -10* 
by  circulating  alcohol  at  -40*  through  the  reactor  Jacket.  Liquid  ammonia 
(4  L)  is  added  to  the  cold  methanol  and  the  powdered  acetylnucleoslde  2 
(2.24  Kg)  is  added  in  small  portions.  Upon  completion  of  the  addition  the 
vessel  is  sealed  air-tight,  and  the  content  is  allowed  to  warm  up  to  room 
temperature.  After  two  days  the  vessel  is  slowly  vented  and  the  contents 
is  heated  to  35-40*,  then  filtered  through  a  filter  pad.  The  filtrate  is 
concentrated  under  reduced  pressure,  and  the  precipitated  solid  is  collected 
by  filtration  to  yield  1130  g  of  crude  ribavirin. 

From  the  first  and  second  mother  liquor  more  product  is  obtained. 
Upon  recrystallization  from  hot  methanol -water  3:1  (13  L)  a  total  yield  of 
1283  g  (88%)  is  obtained,  m.p.  166-167*  (lit.  166-168*). 

Elemental  analysis,  thin  layer  chromatography,  and  spectral  characteris¬ 
tics  confirm  that  the  obtained  product  is  the  pure  &-lsomer  of  1-U-ribo- 
furanosyl -l,2,4-trlazole-3 - carboxamide  (Ribavirin) . 


(lfi)<:  A  mixture  of  ribavirin  (700  g,  2.8  mol),  acetic  anhydride  (6  L), 
and  4,4-diieethylaminopyridine  (14  g)  is  stirred  for  60  hours.  Unreacted 
acetic  anhydride  is  evaporated  under  reduced  pressure  at  40* .  Ihe  obtained 
viscous  residue  is  treated  with  ethanol  (500  mL) ,  and  upon  evaporation  of 
the  solvent  the  product  is  dissolved  in  cold  water  (5  L) .  The  aqueous 
phase  is  extracted  with  dichloromethane  (3  x  2  L)  and  after  drying,  more 
dichloromethane  (4  L)  and  trlethylamlne  (5.7  L,  20.6  mol)  are  added  to  the 
tri-0-acetylrlbavirin  solution.  After  cooling  the  solution  to  5*  phos¬ 
phorous  oxychloride  (730  mL,  7.72  mol)  is  added  dropwise  over  a  50  minute 
period,  maintaining  the  temperature  below  8*.  The  mixture  is  allowed  to 
warm  to  room  temperature  (1  hour)  with  additional  stirring  for  2H  hours. 


AVS  206 


.J.V 


Ice  water  (5  L)  and  additional  dichlorome thane  (5  L)  are  added,  the 
layers  are  separated,  and  the  organic  layer  is  washed  with  water  (2  L) , 
dilute  acetic  acid  (200  oL  glacial  acetic  acid  in  1800  nL  water) ,  and 
bicarbonate  solution  (100  g  in  2  L  water)  to  obtain  pH  6  of  the  aqueous 
phase.  The  organic  layer  is  dried,  evaporated  and  the  syrupy  residue  is 
dissolved  in  warn  nethanol  (700  nL) .  The  crystals  that  separate  are  col¬ 
lected  by  filtration  to  yield  500  g  of  the  nitrile  conpound.  The  nother 
liquor  is  subjected  to  column  chronatography  on  silica  gel,  first  with 
dichlorone thane ,  then  with  dichlorone thane/acetone  4:1  as  the  eluant. 
After  using  the  solvent  mixture  (25  L)  another  crop  (130  g)  is  obtained 
upon  evaporation  of  the  solvent.  Yield  624  g  n.p.  95-97*.  Lit  96-97*. 


1  -fl-D-Ribofuranosvl-1  ■  2 . 4- triazole  -3-carboxamidine  hydrochloride 
(11)*:  A  mixture  of  the  cyanotriazole  derivative  1£  (124  g,  0.35  mol), 
ammonium  chloride  (19.1  g,  0.35  mol)  and  anhydrous  liquid  ammonia  (1.2  L) 
are  kept  in  a  sealed  steel  bomb  at  80-90*  for  24  hours.  Upon  cooling  the 
ammonia  is  allowed  to  evaporate  during  a  12  hour  period.  The  oily  residue 
is  dissolved  in  nethanol  (1.9  L) ,  heated  to  reflux  while  treated  with 
charcoal,  and  filtered  through  a  Celite  bed.  After  cooling  to  0*  some 
material  crystallizes,  yielding  52.4  g  of  pure  end  product  upon  filtration. 
The  mother  liquor  is  concentrated  to  700  i^,  cooled,  and  a  second  crop  is 
obtained  (23.0  g) .  Further  concentration  of  the  nother  liquor  to  200  mL 
produces  a  third  crop  (7.5  g)  which  is  combined  with  other  impure  material 
for  further  purification.  Combining  several  individual  crops  followed  by 
recrystalllzatlon  produces  a  total  of  412  g  (85%)  of  analytically  pure 
carboxamide  hydrochloride  U. 
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AVS  206  AE  was  synthesized  according  to  the  following  scheme: 


AVS  206  A£ 


Experimental 

1- f 2 . 3 . 5-Trl-O-acetvl-fl-P-rlbofuranosvl) -1 ■ 2 .4- trtazole-3-carbonltrlle 
Q) :  A  mixture  of  ribavirin  (30  g,  0.2  mol),  acetic  anhydride  (600  mL) , 
and  4,4-dlmethylamlnopyrldlne  (1  g)  Is  stirred  for  60  hours.  Unreacted 
acetic  anhydride  Is  evaporated  under  reduced  pressure  at  40* .  The  obtained 
viscous  residue  Is  treated  with  ethanol  (500  mL) ,  and  upon  evaporation  of 
the  solvent  the  product  Is  dissolved  In  cold  water.  The  aqueous  phase  Is 
extracted  with  ethyl  acetate  (3  x  300  mL) .  The  combined  organic  layer  Is 
dried  over  sodium  sulfate,  and  evaporated  to  give  a  solid  foam  which  shows 
as  a  single  spot  on  TLC. 

Without  further  purification  the  obtained  acetyl  ribavirin  (74  g,  0.2 
mol)  Is  combined  with  trlethylamlne  (411  mL,  2.9  mol)  and  dissolved  In 
chloroform  (1200  mL)  while  cooling  the  solution  to  0* .  Phosphorous  oxy¬ 
chloride  (52  mL,  0.55  mol)  Is  added  dropwise  over  a  period  of  30  minutes. 
The  reaction  mixture  Is  kept  at  0*  for  another  30  minutes,  then  the  Ice 
bath  Is  removed  and  the  reaction  Is  stirred  at  room  temperature  for  3 
hours.  The  solvent  Is  evaporated  under  reduced  pressure,  then  the  residue 
Is  dissolved  In  ethyl  acetate  (1500  mL) .  The  ethyl  acetate  solution  Is 
washed  with  water  (2  x  500  mL)  and  with  saturated  sodium  bicarbonate  solu¬ 
tion.  The  aqueous  washings  are  combined  and  extracted  with  ethyl  acetate 
(200  mL) ,  the  combined  organic  layers  are  dried  over  sodium  sulfate,  and 
treated  with  charcoal  at  room  temperature.  After  filtering  through  a 
Cellte  bed  the  filtrate  Is  evaporated  to  dryness  to  yield  a  colored  syrup. 
The  syrup  Is  dissolved  In  dlchlorome thane  (300  mL)  then  the  solution  Is 
passed  through  a  short  column  packed  with  silica  gel,  and  eluted  with 
ethyl  acetate/dlchlorome thane  4:1  (500  mL).  After  evaporation  of  the  solvent 
a  white,  crystalline  material  Is  obtained  which  Is  homogeneous  on  TLC. 
Yield:  48.2  g  (68%)  m.p.  96-98*;  lit.  96-97*. 

l-^--D-Rlbofuranosvl-1.2.4-trlazole-3-methvlanildate  (4):  cyano  compound 
1  (3.5  g,  10  mmol)  Is  dissolved  In  methanol  (50  mL) ,  then  sodium  methoxlde 
(50  mg)  Is  added  to  adjust  the  pH  to  9.5.  The  reaction  mixture  Is  stirred 
for  45  minutes,  then  it  Is  neutralized  with  ion  exchange  resin  H^-  form. 
After  filtration  the  solvent  Is  evaporated  under  reduced  pressure,  and  the 
residue  Is  recrystallized  from  methanol/ether  to  yield  the  pure  Imlno 
ether  4;  yield  1.4  g  (54%),  m.p.  141-142*. 
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9-  f  5*  -0-  ft-ButvldlmethvlsllyD-fl-D-arablnofuranosvn  -adenine  (2):  To 
a  stirred  suspension  of  dry  9-^-D-arablnofuranosyl  adenine  (26.7  g,  0.1 
mol)  in  dimethyl  formamlde  (500  mL)  is  added  imidazole  (16.3  g,  0.24  mol), 
followed  by  the  addition  of  t-butyldimethylsilyl  chloride  (18.1  g,  0.12 
mol)  .  The  reaction  mixture  is  stirred  for  20  hours  maintaining  anhydrous 
conditions,  then  the  solvent  is  removed  by  distillation  under  reduced 
pressure.  The  residue  is  treated  with  ethyl  acetate  (500  mL) ;  the  organic 
layer  is  washed  with  water,  dried  and  evaporated.  The  obtained  syrup  is 
dissolved  in  chloroform  (240  mL) ,  the  solution  is  warmed  and  hexane  (200 
mL)  is  added  to  give  a  turbid  solution.  After  cooling  to  room  temperature 
the  obtained  crystals  are  collected  by  filtration  to  give  33  g  of  2-  m.p. 
157-158*. 

9  -  (2 *  .3*  -Dl-0-acetvl-d-D-arabinofuranosvl)adenine  (4)  :  Acetic  anhydride 
(12.7  mL,  0.125  mol)  is  added  dropwise  to  a  stirred  suspension  of  9-[5''0- 
(t-butyldimethylsllyl) -^-D-arabinofuranosyl] adenine  (22.8  g,  0.06  mol)  in 
pyridine  (300  mL)  at  0*.  The  mixture  is  stirred  an  additional  48  hours, 
when  TLC  indicates  completion.  Excess  acetic  anhydride  is  deactivated  by 
adding  a  few  milliliters  of  water,  the  solvent  is  evaporated  under  reduced 
pressure  and  the  obtained  syrup  is  dissolved  in  dichloromethane  (500  mL) . 
The  organic  layer  is  washed  with  water  (2  x  100  mL) ,  saturated  sodium 
bicarbonate  solution  (100  mL)  and  water  (100  mL) .  After  drying  over  sodium 
sulfate  the  solvent  is  evaporated  to  leave  25.5  g  of  1  as  a  solid  foam. 
The  solid  is  dissolved  in  a  mixture  of  acetic  acid  (250  mL),  tetrahydrofuran 
(100  mL)  and  water  (100  mL)  at  40*  and  stirred  for  48  hours  to  remove  the 
t-butyldimethylsilyl  group.  The  solvent  is  evaporated  and  the  resulting 
crude  product  is  purified  on  a  silica  gel  column,  using  dichloromethane - 
methanol  20:1  as  the  eluant.  After  evaporating  the  fractions  containing 
dlacetylarablno  adenine  the  obtained  solid  is  recrystallized  from  acetone 
to  yield  10.5  g  (43%)  of  pure  product  4.  m.p.  171-173*  (literature  m.p. 
138-139*  for  product  that  contained  0.2  mol  water  of  crystallization). 


Remark:  Special  care  has  to  be  taken  during  preparation  and  recrystal¬ 
lization  of  2* ,3' -dlacetylarabino  adenine,  since  the  compound  readily 
rearranges  to  form  the  5 '-acetyl  derivative  by  migration  of  the  acetyl 
group  attached  to  the  2'  or  3’  secondary  alcoholic  group  to  give  the  ther¬ 
modynamically  favored  5'  primary  alcohol  esterification.  Such  migration 
can  be  greatly  minimized  by  working  in  acetic  acid  as  the  medium  during 
removal  of  the  5'-sllyl  group.  Attempts  are  being  made  to  recover  expensive 
Ara-A  as  the  starting  material  by  deblocking  the  side  product,  3' ,5* -dlacetyl 
Ara-A. 
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Experimental 

9- f 5* -O- (t-Butvldimethylsllvl)-fl-P-arablnofuranosyn -adenine  (2) :  To 
a  stirred  suspension  of  dry  9-^-D-arablnofuranosyl  adenine  (26.7  g,  0.1  mol) 
In  dimethyl  formamlde  (500  mL)  Is  added  imidazole  (16.3  g,  0.24  mol), 
followed  by  the  addition  of  t-butyldlmethylsilyl  chloride  (18.1  g,  0.12 
mol).  The  reaction  mixture  is  stirred  for  20  hours  maintaining  anhydrous 
conditions,  then  Che  solvent  Is  removed  by  distillation  under  reduced 
pressure.  The  residue  is  treated  with  ethyl  acetate  (500  mL) ;  the  organic 
layer  is  washed  with  water,  dried  and  evaporated.  The  obtained  syrup  Is 
dissolved  in  chloroform  (240  mL) ,  the  solution  is  warmed  and  hexane  (200 
mL)  Is  added  to  give  a  turbid  solution.  After  cooling  to  room  temperature 
the  obtained  crystals  are  collected  by  filtration  to  give  33  g  of  Z.  m.p. 
157-158*. 

9-  (2  *  .  3  *  -Dl-O-acetvl-fl-D-arabinofuranosvl^adenine  (4) :  Acetic  anhydride 
(12.7  mL,  0.125  mol)  is  added  dropwise  to  a  stirred  suspension  of  9-[5’-0- 
(t-butyldimethylsilyl) -^-D-arabinofuranosyl]adenine  (22.8  g,  0.06  mol)  in 
pyridine  (300  mL)  at  0*.  The  mixture  is  stirred  an  additional  48  hours, 
when  TLC  indicates  completion.  Excess  acetic  anhydride  is  deactivated  by 
adding  a  few  milliliters  of  water,  the  solvent  is  evaporated  under  reduced 
pressure  and  the  obtained  syrup  is  dissolved  in  dichloromethane  (500  mL) . 
The  organic  layer  is  washed  with  water  (2  x  100  mL) ,  saturated  sodium 
bicarbonate  solution  (100  mL)  and  water  (100  mL) .  After  drying  over  sodium 
sulfate  the  solvent  is  evaporated  to  leave  25.5  g  of  2  a  solid  foam. 
The  solid  is  dissolved  in  a  mixture  of  acetic  acid  (250  mL),  tetrahydrofuran 
(100  mL)  and  water  (100  mL)  at  40*  and  stirred  for  48  hours  to  remove  the 
t-butyldimethylsllyl  group.  The  solvent  is  evaporated  and  the  resulting 
crude  product  Is  purified  on  a  silica  gel  column,  using  dichlorome thane - 
methanol  20:1  as  the  eluant.  After  evaporating  the  fractions  containing 
dlacetylarablno  adenine  the  obtained  solid  is  recrystallized  from  acetone 
to  yield  10.5  g  (43%)  of  pure  product  4-  m.p.  171-173*  (literature  m.p. 
138-139*  for  product  that  contained  0.2  mol  water  of  crystallization). 

Starting  with  50  g  arablnoadenoslne  and  following  the  same  procedure, 
24.0  g  of  final  product  had  been  submitted. 


■a 


!i| 


AVS  353  was  synthesized  according  to  the  following  scheme; 
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3-  f  f  t-ButvldlmethvlsllvDoxvl  -4-iiiethoxvbenzaldehvde  (2)  :  Isovanillin 
(1)  (99.8  g,  0.656  nol)  is  dissolved  in  dlmethylformanide  (900  mL) .  After 
cooling  the  solution  in  an  ice  bath,  t-butyldimethylsilyl  chloride  (117  g, 
0.776  mol)  is  added,  the  ice  bath  is  removed,  and  the  reaction  mixture  is 
stirred  for  one  hour,  when  thin  layer  chromatography  Indicates  completion 
(silica  gel;  hexane -acetone  4:1).  Water  (100  mL)  is  added  while  stirring 
is  continued,  and  after  10  minutes  sodium  bicarbonate  solution  (30  g  sodium 
bicarbonate  in  700  mL  water)  and  ether  (1200  mL)  are  added.  The  layers 
are  separated,  the  aqueous  layer  is  washed  with  ether  (2  x  500  mL) ,  and  the 
combined  ether  layers  are  washed  with  brine  (600  mL)  and  water  (500  mL) . 
The  ether  phase  is  dried  over  anhydrous  sodium  sulfate  and  upon  evaporation 
of  the  ether  174  g  (99.7%)  of  product  2  is  obtained.  The  product  is  homo¬ 
geneous  by  thin  layer  chromatography;  single  spot  at  Rf  0.55,  hexane -acetone 
4:1. 

3-  f  (t-Butvldiinethvlsilyl)oxvl-4-methoxvbenzyl _ alcohol  (4):  3-[(t- 

Butyldimethylsilyl)oxy] -4-methoxybenzaldehyde  (2)  (172  g,  0.647  mol)  is 
dissolved  in  ethanol  (1700  mL)  and  the  solution  is  cooled  in  an  ice  bath. 
Sodium  borohydrlde  (27.0  g,  0.71  mol)  is  added  in  one  portion,  the  ice 
bath  is  removed,  and  after  stirring  for  20  minutes  thin  layer  chromatog¬ 
raphy  indicates  completion  of  reduction.  Water  (200  mL)  is  added  and  the 
volume  is  reduced  to  about  800  mL  by  distillation  under  diminished  pressiure. 
After  adding  2  N  sodium  hydroxide  solution  (240  mL)  the  resulting  layers 
are  separated  and  the  organic  layer  is  dissolved  in  ether  (800  mL) .  The 
ether  layer  is  washed  with  water  (2  x  250  mL) ,  dried  over  anhydrous  sodium 
sulfate  and  evaporated  to  leave  the  benzyl  alcohol  derivative  ^  as  a  viscous 
liquid.  Yield  116.9  g  (67.4%). 

5-1  (t-Butvldimethvlsilvl)oxvl  -  (+)  -conbretastatin  (2):  Under  argon  atmo¬ 
sphere  chlorotrimethylsilane  (10.0  mL,  79  mmol)  is  added  to  a  vlgorovisly 
stirred  suspension  of  lithium  bromide  (6.0  g,  69  mmol)  in  acetonitrile  (70 
mL) .  Benzyl  alcohol  4  (8.0  g,  30  mmol)  in  acetonitrile  (30  mL)  is  added 
and  the  reaction  mixture  is  stirred  for  one  hour.  Completion  of  the  reaction 
is  indicated  by  a  single  spot  at  Rf  0.8  in  its  thin  layer  chromatogram 
(silica  gel;  hexane/acetone  4:1).  Ether  (150  mL)  is  added  and  the  solution 
is  washed  with  water  (2  x  30  mL) ,  sodium  bicarbonate  2%  solution  (100  mL) , 
sodium  hydroxide  5%  (100  mL)  and  water  (2  x  50  mL) .  The  organic  phase  is 
dried  over  sodium  sulfate  and  the  solvent  is  evaporated  under  reduced 
pressure  at  room  temperature  to  leave  3 [ (t-butyldimethylsilyl) -4-methoxy- 
benzylbromlde  (2)  as  an  oil.  Intermediate  2  is  immediately  dissolved  in 
tetrahydrofuran  (80  mL)  together  with  3 ,4 , 5-trimethoxybenzaldehyde  (2) 
(2.2  g,  11  mmol).  This  solution  is  added  to'  lithium  shot  0.8  g,  115  mmol) 
in  tetrahydrofuran  (60  mL)  over  a  15  minute  period. 
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After  egltatlon  with  ultrasound  in  a  aonlcator  the  reaction  reaches 
completion  after  3  hours.  The  excess  llthiun  metal  is  removed  by  filtration, 
and  upon  evaporation  of  the  filtrate  a  viscous  oil  is  obtained,  consisting 
mainly  of  silylated  combretastatin  2*  Chromatographic  purification  on  a 
silica  gel  column  (200  g  silica  gel;  first  with  4  L  hexane/ethyl  acetate 
4:1;  then  with  1  L  hexane/ethyl  acetate  3:1)  leaves  2.2  g  of  2  a  yellow, 
viscous  oil.  This  product  is  used  in  the  final  step  without  further 
purification. 

(+) -Combretastatin  (4):  Sllyl  ether  2  (6.8  g)  is  dissolved  in  dry 
tetrahydrofuran  (120  mL) ,  and  during  a  10  minute  period  tetrabutylammonium 
fluoride  solution  1  molar  in  tetrahydrofuran  (55  mL)  is  added.  After  an 
additional  10  minute  reaction  period  the  desllylation  of  2  is  complete, 
and  the  tetrahydrofuran  is  evaporated  under  reduced  pressure.  To  the 
residue  is  added  water  (40  mL) ,  the  aqueous  phase  is  extracted  with  ether 
(5  X  100  mL) ,  the  combined  ether  layers  are  dried  and  evaporated  to  leave 
4.5  g  of  crude  (+)  Combretastatin  (£) .  Combined  batches  of  crude  cooibretas- 
tatin  (12.8  g)  are  loaded  on  a  silica  gel  column  (30  x  6  cm)  and  chromato¬ 
graphed  using  hexane/ethyl  acetate  2:1  (3  L)  and  hexane/ethyl  acetate  1:1 
as  the  eluants.  Upon  evaporation  of  the  phase  containing  pure  4,  10  g  of 
pure  Combretastatin  is  obtained  as  an  amorphous  solid;  m.p.  105-106.5* ; 
lit  103-105*. 
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Experimental*^ 

3- f ( t-Butvldlmethvlsl Ivl loxvl -4-methoxvbenzaldehvde  (2):  Isovanlllin 
(i)  (99.8  g,  0.656  mol)  Is  dissolved  In  dlmethylformamlde  (900  mL) .  After 
cooling  the  solution  In  an  ice  bath,  t-butyldimethylsilyl  chloride  (117  g, 
0.776  mol)  is  added,  the  ice  bath  is  removed,  and  the  reaction  mixture  is 
stirred  for  one  hour,  when  thin  layer  chromatography  indicates  completion 
(silica  gel;  hexane -acetone  A:l).  Water  (100  mL)  is  added  while  stirring 
is  continued,  and  after  10  minutes  sodium  bicarbonate  solution  (30  g  sodium 
bicarbonate  in  700  mL  water)  and  ether  (1200  mL)  are  added.  The  layers 
are  separated,  the  aqueous  layer  is  washed  with  ether  (2  x  500  mL) ,  and  the 
combined  ether  layers  are  washed  with  brine  (600  mL)  and  water  (500  mL) . 
The  ether  phase  is  dried  over  anhydrous  sodium  sulfate  and  upon  evaporation 
of  the  ether  174  g  (99.7%)  of  product  2  is  obtained.  The  product  is  homo¬ 
geneous  by  thin  layer  chromatography;  single  spot  at  Rf  0,55,  hexane -acetone 
4:1. 


3- [ (t-Butvldimethvlsilvl>oxv1 -4-methoxvben2vl  alcohol  (4);  3-[(t- 
Butyldlmethylsilyl)oxy ] -4-methoxybenzaldehyde  (2)  (172  g,  0.647  mol)  is 
dissolved  in  ethanol  (1700  mL)  and  the  solution  is  cooled  in  an  ice  bath. 
Sodium  borohydride  (27.0  g,  0.71  mol)  is  added  in  one  portion,  the  ice 
bath  is  removed,  and  after  stirring  for  20  minutes  thin  layer  chromatog¬ 
raphy  Indicates  completion  of  reduction.  Water  (200  mL)  is  added  and  the 
volume  is  reduced  to  about  800  mL  by  distillation  under  diminished  pressure. 
After  adding  2  N  sodium  hydroxide  solution  (240  mL)  the  resulting  layers 
are  separated  and  the  organic  layer  is  dissolved  in  ether  (800  mL) ,  The 
ether  layer  is  washed  with  water  (2  x  250  mL) ,  dried  over  anhydrous  sodium 
sulfate  and  evaporated  to  leave  the  benzyl  alcohol  derivative  4  as  a  viscous 
liquid.  Yield  116.9  g  (67.4%), 

1-Acetoxv  - 1-  (3 .4 . 5-trimethoxvphenvl)  -  2-  f  3 '  -  (tert-butvld^methYlsilvl)oxv- 
4  ' -methoxyphenvl 1  ethane  (2):  Under  argon  atmosphere  chlorotrlmethylsilane 
(8.8  mL,  69  mmol)  is  added  to  a  vigorously  stirred  suspension  of  lithium 
bromide  (4.6  g,  53  mmol)  in  acetonitrile  (60  mL) .  Benzyl  alcohol  ft  (7.0 
g,  26  mmol)  in  acetonitrile  (30  mL)  is  added  and  the  reaction  mixture  is 
stirred  for  one  hour.  Completion  of  the  reaction  is  indicated  by  a  single 
spot  at  Rf  0.8  in  its  thin  layer  chromatogram  (silica  gel;  hexane/acetone 
4:1).  Ether  (150  mL)  is  added  and  the  solution  is  washed  with  water  (2  x 
50  mL) ,  sodium  bicarbonate  2%  solution  (100  mL) ,  sodium  hydroxide  5%  (100 
mL)  and  water  (2  x  50  mL) .  The  organic  phase  is  dried  over  sodium  sulfate 
and  the  solvent  is  evaporated  under  reduced  pressure  at  room  temperature 
to  leave  3( (t-butyldimethylsllyl)-4-methoxy-benzylbromide  (i)  as  an  oil. 
Intermediate  ^  is  immediately  dissolved  in  tetrahydrofuran  (80  mL)  together 
with  3,4 ,5-trlmethoxybenzaldehyde  (£)  (2.2  g,  11  mmol).  This  solution  is 
added  to  lithium  shat  (0.7  g,  0.1  mmol)  in  tetrahydrofuran  (60  mL)  over  a 
15  minute  period.  After  agitation  with  ultrasound  in  a  sonicator  the 
reaction  reaches  completion  after  3h  hours.  The  excess  lithium  is  removed 
by  filtration,  silica  gel  (40  g)  and  ethyl  acetate  (50  mL)  are  added,  and 
the  solvent  is  evaporated  to  leave  the  coated  silica  gel.  Exposure  of  the 
formed  coupling  product  to  excess  ethyl  acetate,  in  the  presence  of  activated 
silica  gel,  causes  transesterification  with  the  hydroxyl  group  at  C-1  to 
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produce  2  the  acetate.  Column  chromatographic  elution  with  hexane:ethyl 
acetate  4:1  (5  L)  produces  2.6  g  of  2>  obtained  as  a  yellow  solid  after 
evaporation  of  the  solvent  under  reduced  pressure. 


-Combretastatin  -  acetate  (fi) :  Silyl  ether  2  (1-7  g)  is  dissolved 
in  dry  tetrahydrofuran  (30  mL) ,  and  during  a  10  minute  period  tetrabutylam- 
monium  fluoride  solution  1  molar  in  tetrahydrofuran  (16  mL)  is  added. 
After  an  additional  10  minute  reaction  period  the  desilylation  of  2  is 
complete,  and  the  tetrahydrofuran  Is  evaporated  under  reduced  pressure. 
To  the  residue  is  added  water  (40  mL) ,  the  aqueous  phase  is  extracted  with 
ether  (3  x  100  mL)  ,  the  combined  ether  layers  are  dried  and  evaporated  to 
leave  crude  (+)  Combretastatin  acetate  (£) .  The  solid  is  recrystallized 
from  ethanol  (30  mL)  to  yield  1.30  g  (89.2%)  of  Combretastatin  acetate. 


Experimental^) 
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4-Acetlc  acld-2-lmldazolethlone-5-carboxvllc  acid  dimethyl  ester  (4): 
To  methyl  acetone  dlcarboxylate  (128  g,  0,73  mol)  In  glacial  acetic  acid  (160 
mL)  Is  added  a  sodium  nitrite  solution  (43.2  g,  0.62  mol,  in  64  mL  water) 
while  stirring.  The  temperature  Is  kept  between  25-35*,  stirring  is  main¬ 
tained  for  30  minutes,  and  upon  addition  of  water  (1400  mL)  stirring  is 
continued  for  one  hour.  Sodium  dlthlonlte  (384  g,  2.4  mol)  is  added  portion- 
wise,  and  the  mixture  Is  stirred  iintll  all  the  solid  Is  dissolved.  The  pH 
is  adjusted  to  4  with  dilute  sulfuric  acid,  and  potassium  thlocyanlde  (184 
g,  1.9  mol)  Is  added  In  small  portions.  Upon  completion  of  thlocyanlde 
addition  the  solution  Is  allowed  to  stand  for  20  minutes,  then  heated 
until  it  reaches  70*C.  After  standing  overnight  at  0*  the  precipitated 
yellow  crystals  are  collected  by  filtration  and  recrystallized  from 
water /methanol.  Yield  43  g;  m.p.  220-222*;  lit  220-222* 

4-Acetamtde-2-lmlda2olethlone-5-carboxvllc  acid  methvl  ester  (i) : 
Imidazole  derivative  4  (200  g,  0.87  mol)  is  added  portlonwlse  to  ammonium 
hydroxide  (2210  mL,  from  1420  mL  aqueous  38%  ammonium  hydroxide  and  790  mL 
water),  then  heated  to  95-100*.  After  all  the  product  has  dissolved  the  dark 
solution  is  kept  at  reflux  five  more  minutes,  then  cooled  in  an  ice  bath  and 
adjusted  to  pH  3  with  dilute  sulfuric  acid.  Upon  standing  overnight  at  0* 
the  precipitated  crystals  are  collected  by  filtration  and  dried.  Yield 
114  g,  m.p.  221*:  lit  233*  dec. 

4-Imida2ole-acetamlde-5-carboxvllc  acid  methvl  ester  (4) :  Moist 
Raney  nickel  (150  g)  is  suspended  with  stirring  in  ethanol  (1  L),  imidazole 
thlone  Intermediate  ^  (40  g,  0.18  mol)  is  added  portlonwlse,  and  the  reaction 
mixture  is  kept  at  reflux  for  two  hours.  After  collecting  the  Raney  nickel 
by  filtration  the  filtrate  is  evaporated  to  dryness  under  reduced  pressure 
and  the  residue  is  recrystallized  from  hot  water  (150  mL)  to  yield  13.9  g 
(40%)  of  desulfurized  compound^,  m.p.  234*;  lit  242-244*. 

Methvl-5(4)-cYanomethYlimldazole-4(5)-carboxvlate  (2):  4-Acetamido- 
Imldazole- 5 -methyl  carboxylate  (4)  (14.6  g,  80  mmol)  is  suspended  in  a 
mixture  of  trlethylamlne  (120  mL)  and  dlchloromethane  (200  mL) .  Upon 
cooling  below  10*  phosphorus  oxychloride  (26.4  mL,  0.28  mol)  is  added  to  the 
stirred  reaction  mixture  over  a  thirty  minute  period.  After  removal  of  the 
ice  bath  stirring  Is  continued  at  room  temperature  for  four  hours,  then  the 
reaction  mixture  is  chilled  in  an  acetone-dry  ice  bath  and  water  (20  nL)  is 
cautiously  added.  After  stirring  an  additional  hour  at  room  temperature  the 
dlchloromethane  Is  removed  under  reduced  pressure,  the  aqueous  phase  Is 
adjusted  to  pH  7  by  cautious  addition  of  small  drops  of  concentrated  amnonlum 
hydroxide  solution,  and  thoroughly  extracted  with  ethyl  acetate  (5  x  200 
mL) .  The  organic  phase  is  washed  with  water,  dried  with  anhydrous  sodium 
sulfate  and  evaporated  under  reduced  pressure  to  yield  5.4  g  (40%)  of 
cyanomethyllmldazole-carboxylate  2-  m.p.  168-170*;  lit  170-171*. 
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S-Deazayuanine  (fi) :  Methyl-5-cyanomethyllmldA2ole-4-carboxylate  2 

(16.5  g,  0.1  mol)  Is  placed  in  a  steel  bomb  containing  liquid  ammonia 
(150  g) .  The  vessel  is  sealed  and  kept  at  100*  for  eight  days.  Upon 
cooling  excess  ammonia  is  allowed  to  slowly  evaporate,  then  the  solid 
residue  is  treated  with  decolorizing  charcoal  in  hot  water  and  recrystall¬ 
ized.  Yield:  9.0  g  (66%);  m.p.  >  350*C. 


I. 
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To  methyl  acetone  dlcarboxylate  (128  g,  0.73  mol)  In  glacial  acetic  acid 
(160  mL)  Is  added  a  sodium  nitrite  solution  (43.2  g,  0.62  mol,  in  64  mL 
water)  while  stirring.  The  temperature  is  kept  between  25-35*,  stirring 
is  maintained  for  30  minutes,  and  upon  addition  of  water  (1400  mL)  stirring 
is  continued  for  one  hour.  Sodium  dithionlte  (384  g,  2.4  mol)  is  added 
portlonwise,  and  the  mixture  is  stirred  until  all  the  solid  is  dissolved. 
The  pH  is  adjusted  to  4  with  dilute  sulfuric  acid,  and  potassivn  thiocyanide 
(184  g,  1.9  mol)  is  added  in  small  portions.  Upon  completion  of  thiocyanide 
addition  the  solution  is  allowed  to  stand  for  20  minutes,  then  heated 
until  it  reaches  70*C.  After  standing  overnight  at  0*  the  precipitated 
yellow  crystals  are  collected  by  filtration  and  recrystallized  from  water/ 
methanol.  Yield  43  g;  m.p.  220-222*;  lit  220-222* 


Imidazole  derivative  4  (200  g,  0.87  mol)  is  added  portlonwise  to  ammonium 
hydroxide  (2210  mL,  from  1420  mL  aqueous  38%  ammonium  hydroxide  and  790  mL 


water),  then  heated  to  95-100*.  After  all  the  product  has  dissolved  the  dark 
solution  is  kept  at  reflux  five  more  minutes,  then  cooled  in  an  ice  bath  arxl 


adjusted  to  pH  3  with  dilute  sulfuric  acid.  Upon  standing  overnight  at  0* 
the  precipitated  crystals  are  collected  by  filtration  and  dried.  Yield 


114  g,  m.p.  221*;  lit  233*  dec. 


4:Jmldazole-acetanilde-5-carbQXvlic  acid  methvl  ester  (4) ;  Moist 
Raney  nickel  (150  g)  is  suspended  with  stirring  in  ethanol  (1  L),  Imidazole 
thlone  intermediate  2.  (^0  g>  0.18  mol)  is  added  portlonwise,  and  the  reaction 
mixture  is  kept  at  reflux  for  two  hours.  After  collecting  the  Raney  nickel 
by  filtration  the  filtrate  is  evaporated  to  dryness  under  reduced  pressure 
and  the  residue  is  recrystallized  from  hot  water  (150  mL)  to  yield  13.9  g 
(40%)  of  desulfurized  compound  4-  ».p.  234*;  lit  242-244*. 


He thvl -5(4)- cvanoine thvl imidazole -4(5)- carboxvlate  (1)  :  4-Acetanido- 
imidazole- 5 -methyl  carboxylate  (4)  (14.6  g,  80  mmol)  is  suspended  in  a 
mixture  of  triethylamlne  (120  mL)  and  dichloromethane  (200  mL) .  Upon 
cooling  below  10*  phosphorus  oxychloride  (26.4  mL,  0.28  mol)  is  added  to  the 
stirred  reaction  mixture  over  a  thirty  minute  period.  After  removal  of  the 
ice  bath  stirring  is  continued  at  room  temperature  for  four  hours,  d\en  the 


reaction  mixture  is  chilled  in  an  acetone-dry  ice  bath  and  water  (20  mL)  is 
cautiously  added.  After  stirring  an  additional  hour  at  room  temperature  the 
dichloromethane  is  removed  under  reduced  pressure,  the  aqueous  phase  is 
adjusted  to  pH  7  by  cautious  addition  of  small  drops  of  concentrated  aimonlum 
hydroxide  solution,  and  thoroughly  extracted  with  ethyl  acetate  (5  x  200 
mL) .  The  organic  phase  is  washed  with  water,  dried  with  anhydrous  sodium 
sulfate  and  evaporated  under  reduced  pressure  to  yield  5.4  g  (40%)  of 
cyanomethylimidazole-carboxylate  m.p.  168-170*;  lit  170-171*. 
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Idazole-A-carboxvlate  (^) :  Cyanomethyl imidazole  carboxylate  ^  (12.5  g,  75 
nunol)  is  combined  with  hexamethyldisilazane  (150  mL)  under  anhydrous  condi¬ 
tions  and  kept  at  reflvix  for  12  hours  in  the  presence  of  a  catalytic  amount 
of  ammonium  sulfate  (500  mg).  After  removing  excess  hexamethyldisilazane 
by  distillation  under  reduced  pressure  the  silyl  derivative  of  ^  is  obtained 
as  an  oil,  which  is  dissolved  In  1 . 2-dichloromethane  (400  mL) .  Acetyl- 
2, 3 , 5-tri-O-benzoyl-ribofuranose  (38  g,  75  mmol)  is  added,  followed  by 
stannic  chloride  (12.7  mL,  108  mmol).  The  reaction  mixture  is  agitated 
for  24  hours,  then  it  is  poured  into  a  5%  sodium  bicarbonate  solution  (1.5 
L) .  After  filtering  through  a  Celite  pad,  the  organic  layer  is  separated 
and  the  aqueous  phase  is  extracted  with  dichloromethane  (2  x  800  mL) .  The 
combined  organic  layers  are  dried  over  anhydrous  soditun  sulfate,  and  upon 
removal  of  the  solvent  under  reduced  pressure  nucleoside  ^  is  obtained  as 
a  cream-colored  solid  foam.  The  compound  is  purified  by  passing  it  through 
a  silica  gel  column,  with  chloroform/acetone  4:1  as  the  eluant.  After 
evaporation  of  the  solvent  30.0  g  (66%)  of  pure  ^  is  obtained,  m.p.  95-100*. 

l-Amlno-3-deazaguanosine  (2):  Hydrazine  monohydrate  (23  mL,  0.66 
mol)  is  added  to  a  solution  of  ribofuranosyl- Imidazole -carboxylate  ^  (28 
g,  46  mmol)  dissolved  in  absolute  ethanol  (250  mL) .  The  reaction  mixture 
is  heated  to  reflux  when  after  about  two  hours  a  solid  starts  to  separate. 
Heating  is  continued  an  additional  20  hours,  and  upon  cooling  the  precipitate 
is  collected  by  filtration,  and  washed  with  ethanol.  Yield:  8.4  g  (61%), 
m.p.  254-255*;  lit.  254-255*. 


3-Deazapuanosine  (£) :  l-Amino-3-deazaguanosine  (27  g,  91  mmol)  is 
dissolved  in  deionized  water  (2  L)  and  heated  to  reflux.  Raney  Nickel 
(240  g  aqueous  slurry)  is  added  in  small  portions  over  a  4  hour  period. 
Heating  is  continued  for  30  minutes,  the  nickel  is  collected  on  a  Celite 
filter  pad,  and  the  filtrate  is  concentrated  to  give  3-deazaguanosine  as  a 
white  precipitate.  Yield:  17.5  g  (68%);  m.p.  256-258*;  lit.  255-257*. 


2-  (2 . 3 .5-Trl-0-acetvl-g-P-rlbofuranosvl)thlazole-4-carboxanilde: 
Experimental:  A  solution  of  thiazofurin  (19.3  g,  50  mmol)  in  methylene 
chloride  (400  mL)  is  cooled  to  0*C,  triethylamine  (102.7  mL)  is  added, 
followed  by  addition  of  phosphorus  oxychloride  (13  mL,  137  mmol).  During 
a  two  hour  period  the  solution  is  allowed  to  warm  to  room  temperature 
while  stirring,  then  the  solvent  Is  removed  under  reduced  pressure.  The 
oily  residue  is  suspended  in  water  (500  mL)  and  extracted  with  methylene 
chloride  (2  x  250  mL) .  Tbe  combined  methylene  chloride  extracts  are  washed 
with  water  and  dried  over  sodium  sulfate.  After  evaporation  of  the  solvent 
the  obtained  syrup  is  passed  through  a  silica  gel  column,  with  methylene 
chloride  containing  5%  acetone  as  the  mobile  phase.  The  fractions  containing 
the  desired  product  are  combined,  the  solvent  is  evaporated  and  the  product 


is  obtained  as  a  viscous  syrup,  as  reported  in  the  literature.  Yield  16.5  g 
(90.5%) . 


Intermediate  11 


acid  (2):  Piperonal  (500  g,  3.33  mol)  is  dissolved  In  tetrahydrofurane  (3 
L) ,  and  the  solution  Is  cooled  below  5*  In  an  Ice  bath.  Allylmagneslum 
chloride  solution  (2000  mL,  4.0  mol)  Is  added  over  a  2H  hour  period  while 
maintaining  the  temperature  below  5*.  After  completion  of  addition,  the 
reaction  mixture  is  stirred  an  additional  30  minutes  at  low  temperature. 
Then  It  Is  allowed  to  warm  up  to  room  temperature  and  kept  there  for  three 
hours . 

After  cooling  again  below  5*  a  saturated  ammonlvim  chloride  solution 
(1  L)  Is  added  during  a  40  minute  Interval.  The  organic  layer  is  separated 
and  washed  with  brine  (4  L)  several  times,  and  the  aqueous  layer  Is  washed 
with  chloroform  (1  L).  The  combined  organic  layers  are  dried  over  sodium 
sulfate,  filtered,  and  the  solvent  Is  removed  under  reduced  pressure. 
Upon  eliminating  any  remaining  solvent  under  high  vacuum,  the  resulting 
oil  Is  applied  In  the  subsequent  reaction  without  further  purification. 

The  obtained  allyl  carblnol  derivative  2  (309  g)  ethyl  acrylate  (195 
g)  and  p- toluene  sulfonic  acid  (54  g)  are  kept  In  a  sealed  bomb  at  175 > 
185*  for  six  hours.  Upon  cooling  the  reaction  mixture  Is  submitted  to 
distillation  under  reduced  pressure  to  eliminate  excess  ethyl  acrylate. 
The  residue  Is  dissolved  In  ether  (3  L) ,  the  organic  layer  Is  washed  with 
water  (1  L) ,  5%  sodium  bicarbonate  solution  (1  L) ,  and  water  (1  L) .  After 
drying  with  sodium  sulfate  overnight  the  solvent  Is  taken  off  uwier  reduced 
pressure  and  the  residual  oil  Is  fractionally  distilled  where  the  desired 
product  2  bolls  at  145-155*/0.25  mm  Hg,  yield  263  g  (90%).  (Overall  yield 
29%) 


(4):  A  solution  of  sodium  metal  (10  g,  0.435  mol)  in  ethanol  (300  mL)  is 
combined  with  a  solution  of  phenyl  ester  2  In  ethanol  (300  mL) ,  and  the 
resulting  mixture  Is  kept  at  reflux  for  2  hours.  Water  (60  mL)  Is  added 
to  the  reaction  mixture  and  reflux  Is  continued  for  4  more  hours.  The 
ethanol  is  evaporated  under  reduced  pressure,  the  residue  Is  dissolved  In 


water  (1  L)  and  washed  with  ether  (  3  x  300  mL) .  Upon  cooling  the  aqueous 
layer,  the  pH  is  adjusted  to  pH  2  with  cone,  hydrochloric  acid  (prox.  25 
mL)  ,  stirred  for  30  minutes,  and  the  precipitate  is  collected  by  filtration. 
The  product  Is  washed  with  water  and  alr-^led  to  yield  81.1  g  (90.3%)  of 
acid  4;  m.p.  101-102*,  lit.  102-103*. 


thrldone  (^) :  Carboxylic  acid  4  (200  g,  0.81  mol)  Is  dissolved  In  acetone 
(1  L) ,  water  (200  ml^  and  triethylamine  (82  g,  0.81  mol)  is  added,  and  the 
mixture  Is  cooled  In  an  Ice  bath.  A  solution  of  ethyl  chloroformate  (87.4 
g,  0.81  mol)  In  acetone  (200  mL)  Is  added  slowly  while  stirring.  Two 
hours  after  completion  a  solution  of  sodium  azide  (80  g,  1.23  mol)  in  water 
(200  mL)  Is  added  slowly  during  a  one  hour  Interval,  followed  by  two  hours 
of  stirring  at  the  lowered  temperature.  A  mixture  of  toluene  (1  L)  and  water 
(1.5  L)  Is  added  and  stirring  is  continued  for  an  additional  1.5  hovirs.  The 
organic  layer  Is  separated,  the  aqueous  layer  washed  with  toluene  (300  mL) , 
and  the  combined  organic  layers  are  washed  with  water  (2  x  1  L)  and  dried 
over  sodium  sulfate. 


Intermediate  11 


After  filtering,  the  obtained  solution  is  concentrated  to  1700  mL 
under  diminished  pressure  at  45* ,  followed  by  maintaining  the  concentrated 
solution  at  reflux  for  4  hours.  When  TLC  shows  the  disappearance  of  starting 
material  the  solution  is  cooled,  and  the  solvent  is  evaporated  under  reduced 
pressure  to  leave  i  as  a  light  tan  colored  oil,  which  is  used  in  the  next 
step  without  further  purification. 

The  oily  product  5  is  cooled  in  an  ice -water  bath  and  carefully  treated 
with  boron  trifluoride  etherate  (400  mL,  3.0  mol).  The  reaction  mixture 
is  allowed  to  stand  at  room  temperature  overnight.  The  crystalline  solid 
that  separates  is  filtered,  washed  with  ether  (3  x  200  mL)  and  dried  in 
air;  yield  155.0  g.  The  filtrate  is  evaporated  to  dryness  under  high 
vacuum,  the  residue  is  dissolved  in  ether  (400  mL)  and  washed  with  ice- 
cold  water  (2  x  500  mL) .  The  organic  layer  is  dried  over  anhydrous  sodium 
sulfate  and  evaporated  to  dryness.  The  obtained  residue  is  again  treated 
with  boron  trifluoride  etherate  (25  mL)  and  worked  up  as  previously  described 
to  yield  4.4  g  of  additional  product,  which  is  identical  to  the  main  crop 
and  hence  they  are  combined.  Total  yield:  159.4  g  (80.9%);  m.p.  220-221* 
lit  220*. 

4aH-r-10bH-trans-5-Acetvl-8.9-methvlenedioxv-3.4.4a.l0b-H-tetrahvdro- 
6(5H)phenanthrldone  (2) J  A  mixture  of  tetrahydrophenanthridone  ^  (50.0  g, 
0.206  mol),  acetic  anhydride  (500  mL)  and  DMAP  (1.0  g)  is  refluxed  for  4 
hours.  Upon  cooling  a  solid  precipitates  from  solution.  The  precipitate 
is  collected  by  filtration  and  sucked  to  dryness.  The  filtrate  is  evaporated 
under  reduced  pressure  (40*),  the  resulting  solid  is  triturated  with  ethanol, 
filtered,  and  the  filter  cake  is  combined  with  the  one  obtained  previously. 
After  an  additional  trituration  of  the  combined  product  with  ethanol,  the 
solid  is  filtered  off,  washed  with  ice-cold  ethanol  and  air  dried.  Yield; 
40.0  g  (62%);  m.p.  155-157*,  lit.  157-158*. 

4H-r  .3H-trans^3-(3*  .4'-Methvlenedloxy-■6^-ca^boxyphenYl)-4-acetamino- 
l-cvclohexene  (4):  N-acetylphenanthridone  2  (60.0  g,  0.2  mol)  is  suspended 
in  methanol  (1  L) ,  then  a  solution  of  potassium  hydroxide  (22.4  g,  0.4  mol) 
in  water  (400  mL)  is  added,  and  the  flask  is  immersed  in  a  water  bath 
preheated  to  80*.  The  reaction  mixture  reaches  a  temperature  of  70*C,  and 
the  reaction  is  kept  at  that  temperature  for  15  minutes .  When  cooled  to 
room  temperature  a  white  solid  starts  to  separate.  The  volume  of  the 
reaction  mixture  is  reduced  to  400  ml  and  the  resulting  precipitate  is 
collected  by  filtration,  washed  with  water  (2  x  25  mL)  and  dried  in  air. 
It  can  be  shown  that  the  obtained  precipitate  is  starting  material  2- 

The  filtrate  is  cooled  in  an  ice  bath  and  acidified  with  con.  hydro¬ 
chloric  acid  to  form  a  white  precipitate  that  is  filtered  off,  washed  with 
water  (2  x  25  mL)  and  dried  in  air.  This  product  agrees  in  its  spectral 
and  analytical  data  with  the  structural  assignment  for  £,  hence  it  is 
taken  in  the  next  step  without  further  purification.  Yield:  40.0  g  (62%); 
m.p.  200-201*,  lit.  198-201*.  Recovered  starting  material:  20.5  g  (37.0%). 
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dtoxv-1 ■ 2 ■ 3 .A.Aa. 10b-hexahvdrobenzofb.d1pvrone-6  (£)  :  To  a  well-stirred 
suspension  of  acetylamlno  carboxylic  acid  (145.3  g,  0.48  ool)  in  tetra- 
hydrofuran  (2  L)  powdered  N-bromosuccinimide  (89.0  g,  0.497  mol)  is  added 
in  a  single  portion.  Most  of  the  solid  dissolves,  and  a  crystalline  material 
begins  to  separate.  After  stirring  for  1  hour  the  reaction  mixture  is 
cooled  in  an  ice  bath,  then  the  precipitate  is  collected  by  filtration, 
washed  with  cold  tetrahydrofurane,  and  dried.  Yield:  175.5  g  (93.3%); 
m.p.  265-267',  lit.  270*. 


4 a H -  r .  IH  -  trans  .  lObH-cis  .  l-Acetvlaniino-8 . 9-niethvlenedioxv-l .  2.4a.  10b 


te trahvdrodibenzo  F b . d 1 pvrone - 6  (10) :  A  mixture  of  acetylaminobromolactone 
i  (456.1  g,  1.163  mol)  and  DBU  (182  g,  1.2  mol)  in  pyridine  (5.0  L)  is 
kept  at  reflux  for  8h  hours  under  anhydrous  conditions.  After  cooling 
overnight  a  crystalline  material  precipitates.  The  solid  is  filtered  off 
and  slurred  with  water  for  10  minutes,  filtered,  and  air-dried.  The  filtrate 
is  evaporated  to  dryness  at  oil  vacuum  pressure,  and  the  solid  residue  is 
slurred  in  water  for  10  minutes,  filtered,  air-dried,  and  combined  with 
the  previous  precipitate.  Yield:  339.0  g  (93.7%);  m.p.  270-272*,  lit. 
263-267*. 


4 


6(5)0 -phenanthridone  (H) :  A  mixture  of  acetylamlnolactone  10  (60.0  g, 
0.193  mol)  and  ethanol  (150  mL)  is  treated  with  a  solution  of  NaOH  (30  g) 
in  water  (150  mL) ,  then  the  reaction  is  heated  to  90-95*C,  and  kept  at 
chat  temperature  for  8  hours.  A  small  amount  of  water  is  added  periodically 
to  dissolve  a  solid  that  separates.  The  reaction  mixture  is  allowed  to 
cool  to  room  temperature  overnight,  Che  precipitated  solid  is  collected  by 
filtration,  washed  with  water  and  dried  in  air.  The  filtrate  is  acidified 
with  concentrated  hydrochloric  acid,  the  resulting  precipitate  is  filtered, 
washed  with  water  (3  x  100  mL)  and  dried  in  air.  Both  precipitated  solids 
are  found  to  be  identical  therefore  they  are  combined,  however,  NMR-analysis 
indicates  Che  presence  of  substantial  amounts  of  starting  material.  The 
product  is  redissolved  in  20%  sodium  hydroxide  (300  mL) ,  kept  at  120*  for 
five  hours,  cooled,  and  reprecipitated.  Repeating  the  procedure  five 
times  the  obtained  product  does  not  show  any  more  contamination.  Yield: 
94.0  g;  m.p.  260-280*  (dec.),  lit.  265-280*  (dec.). 

A  200  mg  purified  sample  was  submitted  for  testing. 


methvlenedloxv-l ■2.3.4.4a. lOb-hexahvdro-6 f SH^phenanthrldone .  i 
AVS  360  OH  was  synthesized  according  to  the  folic. ing  scheme 


acid  (2):  Plperonal  (500  g,  3.33  mol)  is  dissolved  tn  tetrahydrofurane  (3 
L) ,  and  the  solution  Is  cooled  below  5*  in  an  ice  bath.  Allylmagnesium 
chloride  solution  (2000  mL,  4.0  mol)  was  added  over  a  24  hour  period  while 
maintaining  the  temperature  below  5*.  After  completion  of  addition,  the 
reaction  mixture  Is  stirred  an  additional  30  minutes  at  low  temperature. 
Then  it  is  allowed  to  warm  up  to  room  temperature  and  kept  there  for  three 
hours . 


After  cooling  again  below  5*  a  saturated  ammonium  chloride  solution 
(1  L)  is  added  during  a  40  minute  interval.  The  organic  layer  is  separated 
and  washed  with  brine  (4  L)  several  times,  and  the  aqueous  layer  is  washed 
with  chloroform  (1  L) .  The  combined  organic  layers  are  dried  over  sodium 
sulfate,  filtered,  and  the  solvent  is  removed  under  reduced  pressure. 
Upon  eliminating  any  remaining  solvent  iinder  high  vacuum,  the  resulting 
oil  is  applied  in  the  subsequent  reaction  without  further  purification. 

The  obtained  allyl  carbinol  derivative  2  (309  g)  ethyl  acrylate  (195  g) 
and  p-toluene  sulfonic  acid  (54  g)  are  kept  in  a  sealed  bomb  at  175-185* 
for  six  hours.  Upon  cooling  the  reaction  mixture  is  submitted  to  distilla¬ 
tion  under  reduced  pressure  to  eliminate  excess  ethyl  acrylate.  The  residue 
is  dissolved  in  ether  (3  L) ,  the  organic  layer  is  washed  with  water  (1  L) , 
5%  sodium  bicarbonate  solution  (1  L) ,  and  water  (1  L) .  After  drying  with 
sodium  sulfate  overnight  the  solvent  is  taken  off  under  reduced  pressure 
and  the  residual  oil  is  fractionally  distilled  where  the  desired  product  1 
bolls  at  145-155*/0.25  mm  Hg,  yield  263  g  (90%).  (Overall  yield  29%). 

trans-2-(3* .4* -MethvlenedioxYphenvl)-3-cvclohexene-l-carboxvlic  acid 
(4):  A  solution  of  sodium  metal  (10  g,  0.435  mol)  in  ethanol  (300  mL)  is 
combined  with  a  solution  of  phenyl  ester  2  In  ethanol  (300  mL) ,  and  the 
resulting  mixture  is  kept  at  reflux  for  2  hours.  Vater  (60  mL)  is  added 
to  the  reaction  mixture  and  reflux  is  continued  for  4  more  hours.  The 
ethanol  is  evaporated  under  reduced  pressure,  the  residue  is  dissolved  in 
water  (1  L)  and  washed  with  ether  (3  x  300  idL)  .  Upon  cooling  the  aqueous 
layer,  the  pH  is  adjusted  to  pH  2  with  cone,  hydrochloric  acid  (prox.  25 
mL) ,  stirred  for  30  minutes,  and  the  precipitate  is  collected  by  filtration. 
The  product  is  washed  with  water  and  air-dried  to  yield  81.1  g  (90.3%)  of 
acid  4;  m.p.  101-102*,  lit.  102-103*. 

4aH-r .  lObH-  trans  -  8 . 9  -MethvlenedioxY-  3 . 4 . 4a .  10b  -  tetrahvdro-6(5H)  -phenan- 
thridone  (^) ;  Carboxylic  acid  4  (200  g,  0.81  mol)  is  dissolved  in  acetone 
(1  L) ,  water  (200  mL)  and  triethylamlne  (82  -g,  0.81  mol)  is  added,  and  the 
mixture  is  cooled  iiv  an  ice  bath.  A  solution  of  ethyl  chloroformate  (87.4  g, 
0.81  mol)  in  acetone  (200  mL)  is  added  slowly  while  stirring.  Two  hours 
after  completion  a  solution  of  sodium  azide  (80  g,  1.23  mol)  in  water  (200 
mL)  is  added  slowly  during  a  one  hour  interval,  followed  by  two  hours  of 
stirring  at  the  lowered  temperature.  A  mixture  of  toluene  (1  L)  and  water 
(1.5  L)  is  added  and  stirring  is  continued  for  an  additional  1.5  hours. 
The  organic  layer  is  separated,  the  aqueous  layer  washed  with  toluene  (300 
mL) ,  and  the  combined  organic  layers  are  washed  with  water  (2  x  1  L)  and 
dried  over  sodium  sulfate. 


After  filtering,  the  obtained  aolution  is  concentrated  to  1700  mL  under 
diminished  pressure  at  45* ,  followed  by  maintaining  the  concentrated  solution 
at  reflux  for  4  hours.  When  TLC  showed  the  disappearance  of  starting 
material  the  solution  is  cooled,  and  the  solvent  is  evaporated  under  reduced 
pressure  to  leave  ^  as  a  light  tan  colored  oil,  which  is  used  in  the  next 
step  without  further  purification. 

The  oily  product  Si  is  cooled  in  an  ice -water  bath  and  carefully  treated 
with  boron  trifluoride  etherate  (400  mL,  3.0  mol).  The  reaction  mixture 
is  allowed  to  stand  at  room  temperature  overnight.  The  crystalline  solid 
that  separates  is  filtered,  washed  with  ether  (3  x  200  mL)  and  dried  in 
air;  yield  155.0  g.  The  filtrate  is  evaporated  to  dryness  under  high 
vacuum,  the  residue  is  dissolved  in  ether  (400  mL)  and  washed  with  ice- 
cold  water  (2  x  500  mL) .  The  organic  layer  is  dried  over  anhydrous  sodium 
sulfate  and  evaporated  to  dryness.  The  obtained  residue  is  again  treated 
with  boron  trifluoride  etherate  (25  mL)  and  worked  up  as  previously  described 
to  yield  4.4  g  of  additional  product,  which  is  identical  to  the  main  crop 
and  hence  they  are  combined.  Total  yield:  159.4  g  (80.9%);  m.p.  220-221* 
lit  220*. 

4aH-jr-10bH-trans-5-Acetvl-8.9-methvlenedloxv-3.4.4a.l0b-H-tetrahvdro- 
6 ( 5H)phenanthridone  (2):  A  mixture  of  tetrahydrophenanthridone  ^  (50.0  g, 
0.206  mol),  acetic  anhydride  (500  mL)  and  DMA?  (1.0  g)  is  refluxed  for  4 
hours.  Upon  cooling  a  solid  precipitates  from  solution.  The  precipitate 
is  collected  by  filtration  and  sucked  to  dryness.  The  filtrate  is  evaporated 
under  reduced  pressure  (40*),  the  resulting  solid  is  triturated  with  ethanol, 
filtered,  and  the  filter  cake  Is  combined  with  the  one  obtained  previously. 
After  an  additional  trituration  of  the  combined  product  with  ethanol,  the 
solid  is  filtered  off,  washed  with  ice-cold  ethanol  and  air  dried.  Yield: 
40.0  g  (62%);  m.p.  155-157*,  lit.  157-158*. 


4H-r..  3H-  trans . 3- (3* .4* -Methvlenedioxv-6* -carboxyphenvl) -4-acetamino- 
1-cvclohexene  (1):  N-acetylphenanthridone  2  (60.0  g,  0.2  mol)  is  suspended 
in  methanol  (1  L) ,  then  a  solution  of  potassium  hydroxide  (22.4  g,  0.4  mol) 
in  water  (400  mL)  is  added,  and  the  flask  is  immersed  in  a  water  bath 
preheated  to  80*  .  The  reaction  mixture  reaches  a  temperature  of  70* C, 
and  the  reaction  is  kept  at  that  temperature  for  15  minutes.  When  cooled 
to  room  temperature  a  white  solid  starts  to  separate.  The  volume  of  the 
reaction  mixture  is  reduced  to  400  mL  and  the  resulting  precipitate  is 
collected  by  filtration,  washed  with  water  (2  x  25  mL)  and  dried  in  air. 
It  can  be  shown  that  the  obtained  precipitate  is  starting  material  2- 

The  filtrate  is  cooled  in  an  ice  bath  and  acidified  with  con.  hydro¬ 
chloric  acid  to  form  a  white  precipitate  that  is  filtered  off,  washed  with 
water  (2  x  25  mL)  and  dried  in  air.  This  product  agrees  in  its  spectral 
and  analytical  data  with  the  structural  assignment  for  £,  hence  it  is 
taken  in  the  next  step  without  further  purification.  Yield:  40.0  g  (62%); 
m.p.  200-201*,  lit.  198-201*.  Recovered  starting  material:  20.5  g  (37.0%). 


AVS  360  OH 


4aH-r.lH-trans.l0bH-cls.4H-trans.l-Acetvlaiiitno-4-bronio-8.9-niethYlene- 
dloxv-1 .2 .3 ■4.4a.l0b-hexahvdrobenzofb.d1pvrone-6  (£)  :  To  a  well-stirred 
suspension  of  acetylamino  carboxylic  acid  £  (145.3  g,  0.48  mol)  in  tetra- 
hydrofuran  (2  L)  powdered  N-bromosuccinimide  (89.0  g,  0.497  mol)  is  added 
as  a  single  portion.  Most  of  the  solid  dissolves,  and  a  crystalline  material 
begins  to  separate.  After  stirring  for  1  hour  the  reaction  mixture  is 
cooled  in  an  ice  bath,  then  the  precipitate  is  collected  by  filtration, 
washed  with  cold  tetrahydrofurane,  and  dried.  Yield:  175. S  g  (93.3%); 
m.p.  265-267*.  lit.  270*. 

4aH-r .  IH- trans . lObH-cis .l-Acetylainino-8 . 9-methvlenedloxv-l . 2 ■4a.l0b- 
tetrahvdrodibenzofb.dlpvrone-6  (10) :  A  mixture  of  acetylaminobromolactone 
£  (456.1  g,  1.163  mol)  and  DBU  (182  g,  1.2  mol)  in  pyridine  (5.0  L)  is 
kept  at  reflux  for  8h  hours  under  anhydrous  conditions.  After  cooling 
overnight  a  crystalline  material  precipitates.  The  solid  is  filtered  off 
and  slurred  with  water  for  10  minutes,  filtered,  and  air-dried.  The  filtrate 
is  evaporated  to  dryness  at  oil  vacuum  pressure,  and  the  solid  residue  is 
slurred  in  water  for  10  minutes,  filtered,  air-dried,  and  combined  with 
the  previous  precipitate.  Yield:  339.0  g  (93.7%);  m.p.  270-272*,  lit.  263- 
267*. 


4aH  -  r  .  IH  -  trans  .  1  -Hvdroxv  -8.9  -methylenedloxv-l .  4.4a.  10b-  tetrahvdro- 
6 ( 5H')  -phenanthridone  (H) :  A  mixture  of  acetylaminolactone  10  (60.0  g, 
0.193  mol)  and  ethanol  (150  mL)  is  treated  with  a  solution  of  NaOH  (30  g) 
in  water  (150  mL) ,  then  the  reaction  is  heated  to  90-95*C,  and  kept  at 
that  temperature  for  8  hours.  A  small  amount  of  water  is  added  periodically 
to  dissolve  a  solid  that  separates.  The  reaction  mixture  is  allowed  to 
cool  to  room  temperature  overnight,  the  precipitated  solid  is  collected  by 
filtration,  washed  with  water  and  dried  in  air.  The  filtrate  Is  acidified 
with  concentrated  hydrochloric  acid,  the  resulting  precipitate  is  filtered, 
washed  with  water  (3  x  100  mL)  and  dried  in  air.  Both  precipitated  solids 
are  found  to  be  identical  therefore  they  are  combined,  however,  NMR-analysis 
indicates  the  presence  of  substantial  amounts  of  starting  material.  The 
product  is  redissolved  in  20%  sodium  hydroxide  (300  mL) ,  kept  at  120*  for 
five  hours,  cooled,  and  reprecipitated.  Repeating  the  procedure  five 
times  the  obtained  product  does  not  show  any  more  contamination.  Yield: 
94.0  g;  m.p.  260-280*  (dec.),  lit.  265-280*  (dec.). 


4aH  -  r  .  IH - trans . 1- (2  * -Tetrahvdropvranvloxv) -  8 . 9-methvlenedioxv- 
1 .4 .4a.l0b-tetrahvdro-6(5H)phenanthridone  (12) :  To  a  suspension  of  hydro^qr- 
phenanthrldone  ^  (50  g,  0.193  mol)  in  di chi orome thane  (1.5  L)  is  added 
dihydropyran  (70  mL,  0.857  mol)  and  p-toluene  sulfonic  acid  (8.0  g) .  The 
reaction  mixture  is  stirred  for  72  hours  with  intermittent  warming  to  35* . 
The  undissolved  starting  material  is  removed  by  filtration  and  the  filtrate 
is  washed  with  saturated  sodium  bicarbonate  solution  (2  x  500  mL)  and 
water  (500  mL) .  The  organic  layer  is  dried  with  sodium  sulfate  and  evapor¬ 
ated  to  obtain  a  solid.  Ethanol  (25  mL)  and  ether  (500  mL)  is  added  to 
the  solid  and  kept  overnight  at  room  temperature.  The  solid  is  filtered, 
washed  with  ether  (2  x  200  mL)  and  air-dried  to  yield  a  white  crystalline 
material.  Yield:  54.0  g;  m.p.  218*. 
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4aH-r.lH-trans.l- (2  * •Tetrahvdropvranvloxv)-2.3-< 

l. 4.4a.  10b-  tetrahvdro- 6  ( SH'^phenanthr Idone  f  13)  :  Phenanthrldone  derivative 
12  (82.0  g,  0.239  mol)  and  3-chloroperoxybenzolc  acid  (82.0  g,  0.478  mol) 
are  dissolved  In  methylene  chloride  (1.4  L)  and  stirred  for  two  days.  The 
organic  solution  Is  washed  with  saturated  sodium  bicarbonate  solution  (2  x 
600  mL)  and  water  (2  x  500  mL) ,  dried  over  sodium  sulfate  and  concentrated 
under  reduced  pressure  to  a  volume  of  approx.  75  mL.  Ether  (200  mL)  Is 
added  and  the  resulting  precipitate  is  collected  by  filtration  and  washed 
with  ether  (100  mL) .  Yield:  71.1  g;  m.p.  243*,  lit.  250*. 

4H-r . IH- trans . 2H-cis .lObH-trans .1- (2  * -Tetrahvdropvranvloxv) -2-hYdro?^- 
8 .9-methvlenedioxv-l ■ 2 .4a. 10b- tetrahvdro- 6 f5H) -phenanthrldone  (14) :  To  a 
suspension  of  diphenyldiselenide  (25.3  g,  0.081  mol)  in  anhydrous  ethanol 
(500  mL)  is  added  sodium  borohydride  (6.5  g,  0.17  mol)  in  small  portions, 
while  controlling  the  temperature  with  an  ice  bath.  To  the  clear  solution 
epoxide  H  (54.0  g,  0.15  mol)  is  added  in  one  portion,  then  the  reaction 
mixture  is  maintained  at  reflux  temperature  for  two  hours.  Subsequently, 
the  volume  of  the  reaction  solution  is  reduced  to  250  mL  by  evaporation 
under  reduced  pressure,  tetrahydrofurane  (750  mL)  is  added,  and  the  tempera¬ 
ture  is  adjusted  to  about  3*  in  an  ice  bath.  Hydrogen  peroxide  (30  wt.  %, 
250  mL,  2.2  mol  equiv.)  is  slowly  added  while  stirring,  during  which  time 
a  white  solid  precipitates.  The  reaction  mixture  is  heated  to  reflux 
temperature,  and  reflux  is  maintained  for  7  hours  during  which  time  all 
the  solid  dissolves  and  the  reaction  mixture  becomes  dark  in  color.  Upon 
cooling,  water  (2  L)  is  added  and  the  mixture  is  extracted  with  ethyl 
acetate  (3  x  700  mL) .  The  organic  phase  is  washed  with  water  (2  x  500  mL), 
dried  over  sodium  sulfate,  and  upon  evaporation  of  the  solvent  a  white 
solid  is  obtained,  which  is  washed  with  ether  (2  x  200  mL) .  Yield:  38.5  g; 

m. p.  230-235*;  lit.  232*. 

4aH - r .  IH - tr ans . 2H - c 1 s . 3H - trans . 4H - trans . lObH - trans - 1 - f  2  * -Te trahvdro - 
pvranvloxv) -2 . 3 .4- trihvdroxv-8 . 9-niethvlenedioxv-l . 2.3.4.4a. lOb-hexahvdro- 
6(5H)phenanthridone  (ii) :  To  a  solution  of  N-methylmorphollne-N-oxlde 
(16.0  g,  0.137  mol)  in  t-butanol  (50  mL) ,  acetone  (50  mL) ,  and  water  (20 
mL)  osmium  tetroxide  (260  mg,  1  mmol)  is  added.  To  this  reaction  medium 
is  added  a  solution  of  intermediate  14  (28.8  g,  80  mmol)  in  t-butanol  (700 
mL)  over  a  10  minute  period,  followed  by  continued  stirring  for  48  hours. 
Decolorizing  carbon  is  added  to  the  dark  solution,  and  after  stirring  for 
3  hours  at  room  temperature  the  reaction  mixture  is  filtered  through  a 
Celite  bed.  The  obtained  pale -yellow  solution  is  evaporated  to  an  oil 
under  reduced  pressure.  The  residue  is  triturated  with  ethanol  (25  mL) , 
and  the  resulting  crystalline  material  is  collected  by  filtration.  The 
solid  is  suspended  in  water  (100  mL) ,  stirred  for  one  hour  and  filtered. 
The  off-white  solid  is  washed  with  water,  and  dried  in  air  to  give  tri- 
hydroxy  compound  H--.  Yield:  20.0  g;  m.p.  222-223*. 


(16) :  A  mixture  of  trihydroxy  compound  (18.6  g,  0.047  mol),  pyridine 
(200  mL)  and  acetic  anhydride  (200  mL)  is  stirred  at  room  temperature 
overnight.  Acetic  anhydride  and  pyridine  are  evaporated  under  reduced 
pressure,  followed  by  a  distillation  with  ethanol  to  remove  all  pyridine. 
The  residual  material  is  soaked  in  ethanol  (50  mL)  and  chilled..  The  crystal¬ 
line  material  is  collected  by  filtration,  washed  with  ethanol  (50  mL)  and 
air-dried.  Yield:  22.0  g;  m.p.  275*C. 

This  material  is  suspended  in  ethanol  (500  mL) ,  p-toluene  sulfonic 
acid  (500  mg)  is  added,  and  the  mixture  is  kept  at  reflux  for  2  hours. 
The  crystalline  precipitate  that  forms  is  filtered  off,  washed  with  cold 
ethanol  (2  x  25  mL)  and  dried  in  air.  Yield:  15.0  g;  m.p.  303-304*. 

A  small  amount  (0.8  g)  is  recrystallized  from  methanol  (600  mL)  to 
give  the  pure  16;  yield:  500  mg. 


acid  (2):  Piperonal  (500  g,  3.33  mol)  Is  dissolved  in  tetrahydrofurane  (3 
L) ,  and  the  solution  is  cooled  below  5*  in  an  ice  bath.  Allylmagneslun 
chloride  solution  (2000  nL,  4.0  aol)  is  added  over  a  24  hour  period  while 
maintaining  the  temperature  below  5*.  After  completion  of  addition,  the 
reaction  mixture  is  stirred  an  additional  30  minutes  at  low  temperature. 
Then  it  is  allowed  to  warm  up  to  room  temperature  and  kept  there  for  three 
hours . 


After  cooling  again  below  5*  a  saturated  ammonium  chloride  solution 
(1  L)  is  added  during  a  40  minute  interval.  The  organic  layer  is  separated 
and  washed  with  brine  (4  L)  several  times ,  and  the  aqueous  layer  is  washed 
with  chloroform  (1  L) .  The  combined  organic  layers  are  dried  over  sodium 
sulfate,  filtered,  and  the  solvent  is  removed  under  reduced  pressure. 
Upon  eliminating  any  remaining  solvent  under  high  vacuum,  the  resulting 
oil  is  applied  in  the  subsequent  reaction  without  further  purification. 

The  obtained  allyl  carbinol  derivative  2  (309  g)  etl^l  acrylate  (195  g) 
and  p'toluene  sulfonic  acid  (54  g)  are  kept  in  a  sealed  bomb  at  175-185* 
for  six  hours.  Upon  cooling  the  reaction  mixture  is  submitted  to  distilla¬ 
tion  under  reduced  pressure  to  eliminate  excess  ethyl  acrylate.  The  residue 
is  dissolved  in  ether  (3  L) ,  the  organic  layer  is  washed  with  water  (1  L) , 
5%  sodium  bicarbonate  solution  (1  L),  and  water  (1  L) .  After  drying  with 
sodium  sulfate  overnight  the  solvent  is  taken  off  under  reduced  pressure 
and  the  residual  oil  is  fractionally  distilled  where  the  desired  product  2. 
boils  at  145-155*/0.25  mm  Hg,  yield  263  g  (90%).  (Overall  yield  29%) 


(4):  A  solution  of  sodium  metal  (10  g,  0.435  mol)  in  ethanol  (300  mL)  is 
combined  with  a  solution  of  phenyl  ester  2  in  ethanol  (300  mL) ,  and  the 
resulting  mixture  is  kept  at  reflux  for  2  hours.  Vater  (60  mL)  is  added 
to  the  reaction  mixture  and  reflux  is  continued  for  4  more  hours.  The 
ethanol  is  evaporated  under  reduced  pressure,  the  residue  is  dissolved  in 
water  (1  L)  and  washed  with  ether  (3  x  300  mL) .  Upon  cooling  the  aqueous 
layer,  the  pH  is  adjusted  to  pH  2  with  cone,  hydrochloric  acid  (prox,  25 
mL)  ,  stirred  for  30  minutes,  and  the  precipitate  is  collected  by  filtration. 
The  product  is  washed  with  water  and  air-dried  to  yield  81.1  g  (90.3%)  of 
acid  m.p.  101-102*,  lit.  102-103*. 


thrldone  (i) :  Carboxylic  acid  4  (200  g,  0.81  mol)  is  dissolved  in  acetone 
(1  L) ,  water  (200  mL)  and  trlethylamine  (82  <g,  0.81  mol)  is  added,  and  the 
mixture  is  cooled  in  an  ice  bath.  A  solution  of  ethyl  chloroformate  (87.4  g, 
0.81  mol)  in  acetone  (200  mL)  is  added  slowly  while  stirring.  Two  hours 
after  completion  a  solution  of  sodium  azide  (80  g,  1.23  mol)  in  water  (200 
mL)  is  added  slowly  during  a  one  hour  interval,  followed  by  two  hours  of 
stirring  at  the  lowered  temperature.  A  mixture  of  toluene  (1  L)  and  water 
(1.5  L)  is  added  and  stirring  is  continued  for  an  additional  1.5  hours.  The 
organic  layer  is  separated,  the  aqueous  layer  washed  with  toluene  (300  mL) , 
and  the  combined  organic  layers  are  washed  with  water  (2  x  1  L)  and  dried 
over  sodium  sulfate. 
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After  filtering,  the  obtained  solution  is  concentrated  to  1700  mL 
under  diminished  pressure  at  45* ,  followed  by  maintaining  the  concentrated 
solution  at  reflux  fur  4  hours .  When  TLC  shows  the  disappearance  of  starting 
material  the  solution  is  cooled,  and  the  solvent  is  evaporated  under  reduced 
pressure  to  leave  ^  as  a  light  tan  colored  oil,  which  is  used  in  the  next 
step  without  further  purification. 

The  oily  product  ^  is  cooled  in  an  ice -water  bath  and  carefiilly  treated 
with  boron  trlfluorlde  etherate  (400  mL,  3.0  mol).  The  reaction  mixture 
is  allowed  to  stand  at  room  temperature  overnight.  The  crystalline  solid 
that  separates  is  filtered,  washed  with  ether  (3  x  200  mL)  and  dried  in 
air;  yield  155.0  g.  The  filtrate  is  evaporated  to  dryness  under  high 
vacuum,  the  residue  is  dissolved  in  ether  (400  mL)  and  washed  with  ice- 
cold  water  (2  x  500  mL) .  The  organic  layer  is  dried  over  anhydrous  sodium 
sulfate  and  evaporated  to  dryness.  The  obtained  residue  is  again  treated 
with  boron  trlfluorlde  etherate  (25  mL)  and  worked  up  as  previously  described 
to  yield  4.4  g  of  additional  product,  which  is  identical  to  the  main  crop 
and  hence  they  are  combined.  Total  yield:  159.4  g  (80.9%);  m.p.  220-221* 
lit  220*. 

4aH-r-10bH-trans-5-Acetvl-8.9-roethvlenedioxv-3.4.4a.l0b-H-tetrahvdro- 
6(5H')Dhenanthridone  (2):  A  mixture  of  tetrahydrophenanthridone  ^  (50,0  g, 
0.206  mol),  acetic  anhydride  (500  mL)  and  DMAP  (1.0  g)  is  refluxed  for  4 
hours.  Upon  cooling  a  solid  precipitates  from  solution.  The  precipitate 
is  collected  by  filtration  and  sucked  to  dryness.  The  filtrate  is  evaporated 
under  reduced  pressure  (40*),  the  resulting  solid  is  triturated  with  ethanol, 
filtered,  and  the  filter  cake  is  combined  with  the  one  obtained  previously. 
After  an  additional  trituration  of  the  combined  product  with  ethanol,  the 
solid  is  filtered  off,  washed  with  ice-cold  ethanol  and  air  dried.  Yield: 
40.0  g  (62%);  m.p.  155-157*.  lit.  157-158*. 

4H  -  r  .  3H-  trans . 3- (3* .4* -Methvlenedioxv-6' -carboxvphenvl) -4-acetamino- 
1-cvclohexene  (fi) ;  N-acetylphenanthridone  2  (60.0  g,  0.2  mol)  is  suspended 
in  methanol  (1  L) ,  then  a  solution  of  potassium  hydroxide  (22.4  g,  0.4 
mol)  in  water  (400  mL)  is  added,  and  the  flask  is  Immersed  in  a  water  bath 
preheated  to  80*.  The  reaction  mixture  reaches  a  temperature  of  70*C,  and 
the  reaction  is  kept  at  that  temperature  for  15  minutes.  When  cooled  to 
room  temperature  a  white  solid  starts  to  separate.  The  volume  of  the 
reaction  mixture  is  reduced  to  400  mL  and  the  resulting  precipitate  is 
collected  by  filtration,  washed  with  water  (2  x  25  mL)  and  dried  in  air. 
It  can  be  shown  that  the  obtained  precipitate  is  starting  material  2* 

The  filtrate  is  cooled  in  an  ice  bath  and  acidified  with  con.  hydro¬ 
chloric  acid  to  form  a  white  precipitate  that  is  filtered  off,  washed  with 
water  (2  x  25  mL)  and  dried  in  air.  This  product  agrees  in  its  spectral 
and  analytical  data  with  the  structural  assignment  for  £,  hence  it  is 
taken  in  the  next  step  without  further  purification.  Yield:  40.0  g  (62%); 
m.p.  200-201*,  lit.  198-201*.  Recovered  starting  material:  20.5  g  (37.0%). 
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dloxv-1 ■ 2 . 3 10b-hexahydrobenzofb.dlDvrone-6  (£)  :  To  a  well-stirred 
suspension  of  scetylamlno  carboxylic  acid  £  (145.3  g,  0.48  mol)  In  tetra- 
hydrofuran  (2  L)  powdered  N-bromosucclnlmlde  (89.0  g,  0.497  mol)  Is  added 
In  a  single  portion.  Most  of  the  solid  dissolves,  and  a  crystalline  material 
begins  to  separate.  After  stirring  for  1  hour  the  reaction  mixture  Is 
cooled  In  an  ice  bath,  then  the  precipitate  Is  collected  by  filtration, 
washed  with  cold  tetrahydrofurane,  and  dried.  Yield:  175.5  g  (93.3%); 
m.p.  265-267*,  lit.  270*. 

4aH-r .  IH-  trans . lObH-cls . l-Acetvlatnlno-8 . 9-methvlenedloxv-l .2.4a. 10b- 
tetrahvdrodlbenzo fb .dlDvrone-6  (10) :  A  mixture  of  acetylamlnobromolactone 
2  (456.1  g,  1.163  mol)  and  DBU  (182  g,  1.2  mol)  in  pyridine  (5.0  L)  is 
kept  at  reflux  for  8b  hours  under  anhydrous  conditions.  After  cooling 
overnight  a  crystalline  material  precipitates.  The  solid  Is  filtered  off 
and  slurred  with  water  for  10  minutes,  filtered,  and  alr-drled.  The  filtrate 
Is  evaporated  to  dryness  at  oil  vacuum  pressure,  and  the  solid  residue  Is 
slurred  In  water  for  10  minutes,  filtered,  alr-drled,  and. combined  with 
the  previous  precipitate.  Yield:  339.0  g  (93.7%);  m.p.  270-272*,  lit. 
263-267*. 

4aH  -  r  .  IH  -  trans  .  1  -  Hvdroxv-  8 . 9  -methvlenedloxv-  1.4.4a.  10b-  tetrahvdro- 
6 ( 5H)  -phenanthrldone  (H) :  A  mixture  of  acetylamlnolactone  (60.0  g, 
0.193  mol)  and  ethanol  (150  mL)  Is  treated  with  a  solution  of  NaOH  (30  g) 
in  water  (150  mL) ,  then  the  reaction  Is  heated  to  90-95*0,  and  kept  at 
that  temperature  for  8  hours .  A  small  amount  of  water  Is  added  periodically 
to  dissolve  a  solid  that  separates.  The  reaction  mixture  is  allowed  to 
cool  to  room  temperature  overnight,  the  precipitated  solid  Is  collected  by 
filtration,  washed  with  water  and  dried  in  air.  The  filtrate  Is  acidified 
with  concentrated  hydrochloric  acid,  the  resulting  precipitate  Is  filtered, 
washed  with  water  (3  x  100  mL)  and  dried  in  air.  Both  precipitated  solids 
are  found  to  be  Identical  therefore  they  are  combined,  however,  NMR-analysls 
indicates  the  presence  of  substantial  amounts  of  starting  material.  The 
product  is  redlssolved  in  20%  sodium  hydroxide  (300  mL) ,  kept  at  120*  for 
five  hours,  cooled,  and  reprecipitated.  Repeating  the  procedure  five 
times  the  obtained  product  does  not  show  any  more  contamination.  Yield: 
94.0  g;  m.p.  260-280*  (dec.),  lit.  265-280*  (dec.). 


4aH-r.lH-trans.l-(2*-TetrahYdroPYranvloxv)-8.9-methvlenedloxy- 
1 .4.4a .10b-tetrahYdro-6(5H)phenanthrldone  (IZ)  •  To  a  suspension  of  hydroxy- 
phenanthrldone  (50  g,  0.193  mol)  in  dlchlorome thane  (1.5  L)  is  added 
dihydropyran  (70  mL,  0.857  mol)  and  p-toluene  sulfonic  acid  (8.0  g) .  The 
reaction  mixture  is  stirred  for  72  hours  with  intermittent  warming  to  35* . 
The  undlssolved  starting  material  is  removed-  by  filtration  and  the  filtrate 
is  washed  with  saturated  sodium  bicarbonate  solution  (2  x  500  mL)  and 
water  (500  mL) .  The  organic  layer  is  dried  with  sodium  sulfate  and  evapor¬ 
ated  to  obtain  a  solid.  Ethanol  (25  mL)  and  ether  (500  mL)  are  added  to 
the  solid  and  kept  overnight  at  room  temperature.  The  solid  is  filtered, 
washed  with  ether  (2  x  200  mL)  and  alr-drled  to  yield  a  white  crystalline 
material.  Yield:  54.0  g;  m.p.  218*. 
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1 .4 .4a. 10b-tetrahvdro-6f 5H)phenanthrtdone  (13) :  Phenanthrldone  derivative 
12  (82.0  g,  0.239  mol)  and  3-chloroperoxybenzolc  acid  (82.0  g,  0.478  mol) 
are  dissolved  in  methylene  chloride  (1.4  L)  and  stirred  for  two  days.  The 
organic  solution  is  washed  with  saturated  sodium  bicarbonate  solution  (2  x 
600  mL)  and  water  (2  x  500  mL) ,  dried  over  sodium  sulfate  and  concentrated 
under  reduced  pressure  to  a  volume  of  approx.  75  m.  Ether  (200  m)  is 
added  and  the  resulting  precipitate  is  collected  by  filtration  and  washed 
with  ether  (100  mL) .  Yield:  71.1  g;  m.p.  243*.  lit.  250*. 


8 .9-methvlenedioxv-l . 2 ■4a . 10b- tctrahvdro-6(5H) -phenanthrldone  (14) :  To  a 
suspension  of  diphenyldiselenide  (25.3  g,  0.081  mol)  in  anhydrous  ethanol 
(500  mL)  is  added  sodium  borohydride  (6.5  g,  0.17  mol)  in  small  portions, 
while  controlling  the  temperature  with  an  ice  bath.  To  the  clear  solution 
epoxide  XI  (54.0  g,  0.15  mol)  is  added  in  one  portion,  then  the  reaction 
mixture  is  maintained  at  reflux  temperature  for  two  hours.  Subsequently, 
the  volume  of  the  reaction  solution  is  reduced  to  250  mL  by  evaporation  under 
reduced  pressure,  tetrahydrofurane  (750  mL)  is  added,  and  the  temperature  is 
adjusted  to  about  3*  in  an  ice  bath.  Hydrogen  peroxide  (30  wt.  %,  250  mL, 
2.2  mol  equiv.)  is  slowly  added  while  stirring,  during  which  time  a  white 
solid  precipitates.  The  reaction  mixture  is  heated  to  reflux  temperature, 
and  reflux  is  maintained  for  7  hours  during  which  time  all  lite  solid  dlssol* 
ves  and  the  reaction  mixture  becomes  dark  in  color.  Upon  cooling,  water 
(2  L)  is  added  and  the  mixture  is  extracted  with  ethyl  acetate  (3  x  700  mL). 
The  organic  phase  is  washed  with  water  (2  x  500  mL) ,  dried  over  sodium  sul¬ 
fate,  and  upon  evaporation  of  the  solvent  a  white  solid  is  obtained,  which 
is  washed  with  ether  (2  x  200  mL) .  Yield:  38,5  g;  m.p.  230-235*;  lit.  232* , 
The  product  (7  g)  is  recrystallized  from  ethanol  to  give  6.7  g  pure  product. 


1 . 2 . 4a . lOb - te trahydro - 6 ( 5H ) phenanthrldone  (ii)  :  A  mixture  of  intermediate 
14  (20.0  g,  55  mmol),  acetic  anhydride  (400  mL) ,  and  dimethylaminopyridine 
(500  mg)  are  kept  at  reflux  for  30  minutes.  The  excess  acetic  anhydride 
is  evaporated  under  reduced  pressure,  and  the  residual  acetic  anhydride  is 
coevaporated  with  ethanol  (50  mL)  twice.  The  obtained  product  is  suspended 
in  ethanol  (400  mL) ,  p- toluene -sulfonic  acid  (500  mg)  is  added  and  the 
mixture  is  kept  at  reflux  for  3  hours.  After  cooling  the  product  is  col¬ 
lected  by  filtration,  and  upon  concentrating  the  filtrate  a  second  pre¬ 
cipitate  is  obtained.  Yield:  10.0  g  (56.6%)  m.p.  254*  (dec.) 


(l£) :  A  solution  of  Intermediate  1^  (9.8  g^  31  mmol)  in  acetone  (900  mL) 
and  t-butanol  (300  mL)  is  combined  with  a  solutin  of  osmium  tetroxide  (200 
mg)  and  N-methylmorpholine  N-oxide  (7.2  g,  61  mmol)  in  acetone  (40  mL) ,  t- 
butanol  (40  mL)  and  water  (20  mL) .  After  25  hours  additional  N-methylmor¬ 
pholine  N-oxide  (3.0  g,  2.5  mmol)  and  osmlvn  tetroxide  (50  mg)  are  added,  and 
the  mixture  is  left  over  a  three-day  period.  The  solvent  is  evaporated  under 
reduced  pressure  below  35*.  and  the  residue  is  purified  on  a  silica  gel 
column  with  dichloromethane -methanol  9:1  (6  L)  as  the  eluant.  The  combined 
fractions  containing  monoacetyl  product  14  are  combined,  the  volume  is 
reduced  to  ca.  50  mL,  and  the  resulting  crystalline  precipitate  is  collected 
by  filtration  to  give  1.51  g  (14%)  of  compound  14,  m.p.  277*  (decomp.). 
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Ethvl-trans-Z- (3* .4' -methvlenedloxvphenvl ) -3-cvcIohexene-l-carboxvllc 
acid  (i) :  Piperonal  (500  g,  3.33  mol)  is  dissolved  In  tetrahydrofurane 
(3  L),  and  the  solution  Is  cooled  below  5*  in  an  Ice  bath.  Allylmagneslum 
chloride  solution  (2000  mL,  4.0  mol)  Is  added  over  a  2h  hour  period  while 
maintaining  the  temperature  below  5*.  After  completion  of  addition,  the 
reaction  mixture  is  stirred  an  additional  30  minutes  at  low  temperature . 
Then  it  is  allowed  to  warm  up  to  room  temperature  and  kept  there  for  three 
hours . 

After  cooling  again  below  5*  a  saturated  ammonium  chloride  solution 
(1  L)  Is  added  during  a  40  minute  interval.  The  organic  layer  is  separated 
and  washed  with  brine  (4  L)  several  times ,  and  the  aqueous  layer  Is  washed 
with  chloroform  (1  L) .  The  combined  organic  layers  are  dried  over  sodium 
sulfate,  filtered,  and  the  solvent  is  removed  under  reduced  pressure. 
Upon  eliminating  any  remaining  solvent  under  high  vacuum,  the  resulting 
oil  is  applied  in  the  subsequent  reaction  without  further  purification. 


The  obtained  allyl  carbinol  derivative  2  (309  g)  ethyl  acrylate  (195  g) 
and  p-toluene  sulfonic  acid  (54  g)  are  kept  in  a  sealed  bomb  at  175-185* 
for  six  hours.  Upon  cooling  the  reaction  mixture  is  submitted  to  distilla¬ 
tion  under  reduced  pressure  to  eliminate  excess  ethyl  acrylate.  The  residue 
is  dissolved  in  ether  (3  L) ,  the  organic  layer  is  washed  with  water  (1  L) , 
5%  sodium  bicarbonate  solution  (1  L) ,  and  water  (1  L).  After  dxrying  with 
sodium  sulfate  overnight  the  solvent  is  taken  off  under  reduced  pressure 
and  the  residual  oil  is  fractionally  distilled  where  the  desired  product  1 
boils  at  145-155*/0.25  mm  Hg,  yield  263  g  (90%).  (Overall  yield  29%) 

trans-2-(3* .4  * -MethvlenedioxYPhenvl) -3-cvclohexene-l-carboxvllc  acid 
(4):  A  solution  of  sodium  metal  (10  g,  0.435  mol)  in  ethanol  (300  mL)  is 
combined  with  a  solution  of  phenyl  ester  2  In  ethanol  (300  mL) ,  and  the 
resulting  mixture  is  kept  at  reflux  for  2  hours.  Water  (60  mL)  is  added 
to  the  reaction  mixture  and  reflux  is  continued  for  4  more  hours.  The 
ethanol  is  evaporated  under  reduced  pressure,  the  residue  is  dissolved  in 
water  (1  L)  and  washed  with  ether  (  3  x  300  mL) .  Upon  cooling  the  aqueous 
layer,  the  pH  is  adjusted  to  pH  2  with  cone,  hydrochloric  acid  (prox.  25 
mL)  ,  stirred  for  30  minutes,  and  the  precipitate  Is  collected  by  filtration. 
The  product  is  washed  with  water  and  air-dried  to  yield  81.1  g  (90.3%)  of 
acid  4;  m.p,  101-102*,  lit.  102-103*. 


thridone  (^) ;  Carboxylic  acid  4  (200  g,  0.81  mol)  is  dissolved  in  acetone 
(1  L) ,  water  (200  mL)  and  triethylamine  (82  g,  0.81  mol)  is  added,  and  the 
mixture  is  cooled  In.  an  ice  bath.  A  solution  of  ethyl  chloroformate  (87.4  g, 
0.81  mol)  in  acetone  (200  ml)  is  added  slowly  while  stirring.  Two  hours 
after  completion  a  solution  of  sodium  azide  (80  g,  1.23  mol)  in  water 
(200  mL)  is  added  slowly  during  a  one  hour  interval,  followed  by  two  hours 
of  stirring  at  the  lowered  temperature.  A  mixture  of  toluene  (1  L)  and 
water  (1.5  L)  is  added  and  stirring  is  continued  for  an  additional  1.5 
hours.  The  organic  layer  is  separated,  the  aqueous  layer  washed  with 
toluene  (300  mL) ,  and  the  combined  organic  layers  are  washed  with  water  (2 
X  1  L)  and  dried  over  sodium  sulfate. 
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After  filtering,  the  obtained  solution  Is  concentrated  to  1700  ml 
under  diminished  pressure  at  45* ,  followed  by  maintaining  the  concentrated 
solution  at  reflux  for  4  hours.  When  TLC  shows  the  disappearance  of  starting 
material  the  solution  Is  cooled,  and  the  solvent  is  evaporated  under  reduced 
pressure  to  leave  ^  as  a  light  tan  colored  oil,  which  Is  used  In  the  next 
step  without  further  purification. 

The  oily  product  ^  Is  cooled  in  an  Ice 'Water  bath  and  carefully  treated 
with  boron  trlfluorlde  etherate  (400  mL,  3.0  mol).  The  reaction  mixture 
Is  allowed  to  stand  at  room  temperature  overnight.  The  crystalline  solid 
that  separates  is  filtered,  washed  with  ether  (3  x  200  mL)  and  dried  In 
air;  yield  155.0  g.  The  filtrate  is  evaporated  to  dryness  under  high 
vacuum,  the  residue  is  dissolved  In  ether  (400  mL)  and  washed  with  ice- 
cold  water  (2  x  500  mL) .  The  organic  layer  is  dried  over  anhydrous  sodium 
sulfate  and  evaporated  to  dryness.  The  obtained  residue  Is  again  treated 
with  boron  trlfluorlde  etherate  (25  mL)  and  worked  up  as  previously  described 
to  yield  4.4  g  of  additional  product,  which  is  Identical  to  the  main  crop 
and  hence  they  are  combined.  Total  yield:  159.4  g  (80.9%);  m.p.  220-221* 
lit  220*. 


6(5H)phenanthrldone  (2)-  A  mixture  of  tetrahydrophenanthrldone  ^  (50.0  g, 
0.206  mol),  acetic  anhydride  (500  mL)  and  DMAP  (1.0  g)  Is  refluxed  for  4 
hours.  Upon  cooling  a  solid  precipitates  from  solution.  The  precipitate 
is  collected  by  filtration  and  sucked  to  dryness.  The  filtrate  Is  evaporated 
under  reduced  pressure  (40*),  the  resulting  solid  is  triturated  with  ethanol, 
filtered,  and  the  filter  cake  Is  combined  with  the  one  obtained  previously. 
After  an  additional  trituration  of  the  combined  product  with  ethanol,  the 
solid  is  filtered  off,  washed  with  Ice-cold  ethanol  and  air  dried.  Yield; 
40.0  g  (62%);  m.p.  155-157*,  lit.  157-158*. 

4H-r  .  3H-  trans . 3- (3* .4* -Methvlenedloxv-6 * -carboxvphenvl^ -4-acetamlno- 
1-cvclohexene  (fi) ;  N-acetylphenanthridone  2  (60.0  g,  0.2  mol)  is  suspended 
In  methanol  (1  L) ,  then  a  solution  of  potassium  hydroxide  (22.4  g,  0.4  mol) 
in  water  (400  mL)  is  added,  and  the  flask  Is  immersed  In  a  water  bath 
preheated  to  80*.  The  reaction  mixture  reaches  a  temperature  of  70*C,  and 
the  reaction  is  kept  at  that  temperature  for  15  minutes.  When  cooled  to 
room  temperature  a  white  solid  starts  to  separate.  The  volume  of  the 
reaction  mixture  Is  reduced  to  400  mL  and  the  resulting  precipitate  Is 
collected  by  filtration,  washed  with  water  (2  x  25  mL)  and  dried  In  air. 
It  can  be  shown  that  the  obtained  precipitate  Is  starting  material  2- 

The  filtrate  Is  cooled  in  an  Ice  bath  and  acidified  with  con.  hydro¬ 
chloric  acid  to  form  a  white  precipitate  that  is  filtered  off,  washed  with 
water  (2  x  25  mL)  ahd  dried  in  air.  This  product  agrees  in  Its  spectral 
and  analytical  data  with  the  structural  assignment  for  £,  hence  it  Is 
taken  in  the  next  step  without  further  purification.  Yield:  40.0  g  (62%); 
m.p.  200-201*,  lit.  198-201*.  Recovered  starting  material:  20.5  g  (37.0%). 
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AaM-tj.  IH-  trans  .  lObH-cts  .AH-trans 


cetylamlno-4-broino-8 


1  ■  4  ■  4a ■  10b -  t-etrahvdro- 6 ( SH^ohenanthrldone  f  13) :  Phenanthrldone  derivative 
12  (82.0  g,  0.239  mol)  and  3-chloroperoxybenzoic  acid  (82.0  g,  0.478  mol) 
are  dissolved  in  methylene  chloride  (1.4  L)  and  stirred  for  two  days.  The 
organic  solution  is  washed  with  saturated  sodium  bicarbonate  solution  (2  x 
600  mL)  and  water  (2  x  500  mL) ,  dried  over  sodium  sulfate  and  concentrated 
under  reduced  pressure  to  a  volume  of  approx.  75  mL.  Ether  (200  mL)  is 
added  and  the  resulting  precipitate  is  collected  by  filtration  and  washed 
with  ether  (100  mL) .  Yield;  71.1  g;  m.p.  243*,  lit.  250* , 

4H-r . IH-trans , 2H-cis . lObH-trans , 1- f 2  * -Tetrahvdropvranvloxv) -2-hvdroxv- 
8 ■ 9-inethvlenedioxv-l ■2.4a. lOb-tetrahvdro-SfSH) -phenanthrldone  (14) :  To  a 
suspension  of  dlphenyldlselenide  (25.3  g,  0.081  mol)  in  anhydrous  ethanol 
(500  mL)  is  added  sodltjun  borohydrlde  (6.5  g,  0.17  mol)  in  small  portions, 
while  controlling  the  temperature  with  an  ice  bath.  To  the  clear  solution 
epoxide  (54.0  g,  0.15  mol)  Is  added  in  one  portion,  then  the  reaction 
mixture  is  maintained  at  reflux  temperature  for  two  hours.  Subsequently, 
the  volume  of  the  reaction  solution  is  reduced  to  250  mL  by  evaporation 
under  reduced  pressure,  tetrahydrofurane  (750  mL)  is  added,  and  the  tempera¬ 
ture  is  adjusted  to  about  3*  in  an  ice  bath.  Hydrogen  peroxide  (30  wt.  %, 
250  mL,  2.2  mol  equiv.)  is  slowly  added  while  stirring,  during  which  time 
a  white  solid  precipitates.  The  reaction  mixture  is  heated  to  reflux 
temperature,  and  reflux  is  maintained  for  7  hours  during  which  time  all 
the  solid  dissolves  and  the  reaction  mixture  becomes  dark  in  color.  Upon 
cooling,  water  (2  L)  is  added  and  the  mixture  is  extracted  with  ethyl 
acetate  (3  x  700  mL) .  The  organic  phase  is  washed  with  water  (2  x  500  mL), 
dried  over  sodium  sulfate,  and  upon  evaporation  of  the  solvent  a  white 
solid  is  obtained,  which  is  washed  with  ether  (2  x  200  mL) .  Yield:  38.5  g; 
m.p.  230-235*;  lit.  232*. 

The  product  (7  g)  is  recrystallized  from  ethanol  to  give  6.7  g  pure 
product. 


4aH  -_r  .  1  H  -. t r ans  ^2H  -  c i s  .  3H -  trans .  4H -  tr ans ,  lObH  -  tr ans .  1  -  ( 2  *  -  te t rahvdro  - 
pvranvloxv) -2 .3.4-trihYdroxY-8.9-roethvlenedioxv-1.2. 3 .4■4a.l0b-hexahvdro- 
6  ( 5H) phenanthrldone  (ii) :  Osmium  tetroxlde  (100  mg)  is  added  to  a  solution 
of  me thy Imorpholine-N- oxide  (2.2  g)  dissolved  in  t-butanol  (25  mL),  acetone 
(25  mL)  and  water  (20  mL) ,  and  the  mixture  is  stirred  for  10  minutes.  A 
warm  solution  of  phenanthrldone  (4.0  g,  11  mmol)  in  t-butanol  (200  mL) 
and  acetone  (200  mL)  is  added  to  the  osmium  tetroxlde  solution  over  a  five 
minute  period.  TLC  Indicates  that  after  24  hours  the  reaction  shows  about 
60%  conversion,  therefore  500  mg  N-methylaorpholine-N-oxide  and  50  mg  of 
osmiumtetroxide  are  added.  After  another  24 -hour  period  and  95%  conversion 
the  reaction  is  terminated  by  evaporating  the  solvent  under  reduced  pressure 
at  35*C  bath  temperature.  The  resulting  tarry  residue  is  triturated  with 
ethanol  (25  mL)  ,  the  ethanol  is  evaporated,  another  trituration  with  ethanol 
(25  mL)  leaves  the  product  as  a  crystalline  suspension  in  ethanol,  and 
upon  filtration  product  2^  is  obtained  as  a  pale-yellow  solid;  yield  3.6  g 
(82%),  m.p.  222-224*.  This  material  is  used  in  the  next  step  without 
further  purification. 


8  ■  9-niethvlenedloxv- 1 .2.3  .4 .4a .  10b-hexahvdro-6(5H)  -phenanthrldone  (16) : 
Trlhydroxy  compound  (3.4  g,  8.6  mmol)  Is  suspended  in  ethanol  (150  mL) , 
and  p-toluene  sulfonic  acid  (200  ng)  is  added.  The  reaction  mixture  is 
heated  to  reflux,  and  TLC  (Silica  gel;  chloroform-methanol  6:1)  indicates 
that  the  reaction  reaches  completion  after  3  hours  at  reflux.  During 
reflux  the  reaction  mixture  turns  clear  after  about  Ih  hours  and  a  product 
starts  to  crystallize.  Upon  cooling  the  precipitated  crystals  are  collected 
by  filtration,  the  mother  liquor  produces  a  second  crop  after  concentration 
and  the  combined  precipitates  are  recrystallized  from  acetic  acid  (250  mL) . 
Since  the  obtained  material  shows  impurities,  a  second  recrystallization 
from  water  produces  tetrahydroxy  compound  16  as  an  analytically  pure,  off- 
white  amorphous  powder.  Yield:  57%,  m.p.  308*  (dec.);  lit. 
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Experlniental^°»^^ 

)p:thvl-trans-2-  (3*  .4*  -methvlenedloxvphenvl)  -3-cvclohexene-l-carboxvllc 
acid  (2):  Piperonal  (500  g,  3.33  mol)  is  dissolved  in  tetrahydrofurane  (3  L) 
and  the  solution  is  cooled  below  5*  in  an  ice  bath.  Allylmagnesium  chloride 
solution  (2000  mL,  4.0  mol)  is  added  over  a  24  hour  period  while  maintaining 
the  temperature  below  5* .  After  completion  of  addition,  the  reaction 
mixture  is  stirred  an  additional  30  minutes  at  low  temperature.  Then  it 
is  allowed  to  warm  up  to  room  temperature  and  kept  there  for  three  hours. 

After  cooling  again  below  5*  a  saturated  ammonium  chloride  solution 
(1  L)  is  added  during  a  40  minute  interval.  The  organic  layer  is  separated 
and  washed  with  brine  (4  L)  several  times,  and  the  aqueous  layer  is  washed 
with  chloroform  (1  L) .  The  combined  organic  layers  are  dried  over  sodium 
sulfate,  filtered,  and  the  solvent  is  removed  under  reduced  pressure. 
Upon  eliminating  any  remaining  solvent  under  high  vacuum,  the  resulting 
oil  is  applied  in  the  subsequent  reaction  without  further  purification. 

The  obtained  allyl  carbinol  derivative  2  (309  g)  ethyl  acrylate  (195  g) 
and  p* toluene  sulfonic  acid  (54  g)  are  kept  in  a  sealed  bomb  at  175*185* 
for  six  hours.  Upon  cooling  the  reaction  mixture  is  submitted  to  distilla¬ 
tion  under  reduced  pressure  to  eliminate  excess  ethyl  acrylate.  The  residue 
is  dissolved  in  ether  (3  L),  the  organic  layer  is  washed  with  water  (1  L) , 
5%  sodium  bicarbonate  solution  (1  L) ,  and  water  (1  L) .  After  drying  with 
sodium  sulfate  overnight  the  solvent  is  taken  off  under  reduced  pressure 
and  the  residual  oil  is  fractionally  distilled  where  the  desired  product  1 
bolls  at  145-155*/0.25  mm  Hg,  yield  263  g  (90%).  (Overall  yield  29%). 

trans-2-(3* .4V-MethvlenedioxYphenvl) -S-cvclohexene-l-carboxvlic  acid 
(4):  A  solution  of  sodium  metal  (10  g,  0.435  mol)  in  ethanol  (300  mL)  is 
combined  with  a  solution  of  phenyl  ester  2.  ethanol  (300  mL) ,  and  the 
resulting  mixture  is  kept  at  reflux  for  2  hours.  Water  (60  mL)  is  added 
to  the  reaction  mixture  and  reflux  is  continued  for  4  more  hours.  The 
ethanol  is  evaporated  under  reduced  pressure,  the  residue  is  dissolved  in 
water  (1  L)  and  washed  with  ether  (  3  x  300  mL) .  Upon  cooling  the  aqueous 
layer,  Che  pH  is  adjusted  to  pH  2  with  cone,  hydrochloric  acid  (prox.  25 
mL) ,  stirred  for  30  minutes,  and  Che  precipitate  is  collected  by  filtration. 
The  product  is  washed  with  water  and  air-dried  to  yield  81.1  g  (90.3%)  of 
acid  4;  m.p.  101-102*,  lit.  102-103*. 

4aH-r .lObH- trans-8 .9-Methvlenedioxv-3 .4 .4a .lOb- tetrahvdro-6(5H)phenan- 
thridone  (^) :  Carboxylic  acid  ^  (200  g,  0.81  mol)  is  dissolved  in  acetone 
(1  L) ,  water  (200  mL)  and  triethylaaine  (82  g,  0.81  mol)  is  added,  and  the 
mixture  is  cooled  in  an  ice  bath.  A  solution  of  ethyl  chloroformate  (87.4  g, 
0.81  mol)  in  acetone  (200  ml)  is  added  slowly  while  stirring.  Two  hours 
after  completion  a  solution  of  sodium  azide  (80  g,  1.23  mol)  in  water 
(200  mL)  is  added  slowly  during  a  one  hour  interval,  followed  by  two  hours 
of  stirring  at  the  lowered  temperature.  A  mixture  of  toluene  (1  L)  and  water 
(1.5  L)  is  added  and  stirring  is  continued  for  an  additional  1.5  hours.  The 
organic  layer  is  separated,  the  aqueous  layer  washed  with  toluene  (300  mL) , 
and  the  combined  organic  layers  are  washed  with  water  (2  x  1  L)  and  dried 
over  sodium  sulfate. 
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After  filtering,  the  obtained  solution  Is  concentrated  to  1700  dL 
under  diminished  pressure  at  45* .  followed  by  maintaining  the  concentrated 
solution  sc  reflux  for  4  hours.  When  TLC  shows  the  disappearance  of  starting 
material  the  solution  Is  cooled,  and  the  solvent  is  evaporated  under  reduced 
pressure  to  leave  £  as  a  light  tan  colored  oil,  which  Is  used  In  the  next 
step  without  further  purification. 

The  oily  product  ^  Is  cooled  In  an  ice>water  bath  and  carefully  treated 
with  boron  trlfluorlde  etherate  (400  mL,  3.0  mol).  The  reaction  mixture 
is  allowed  to  stand  at  room  temperature  overnight.  The  crystalline  solid 
that  separates  Is  filtered,  washed  with  ether  (3  x  200  mL)  and  dried  In 
air;  yield  155.0  g.  The  filtrate  Is  evaporated  to  dryness  under  high 
vacuum,  the  residue  Is  dissolved  in  ether  (400  mL)  and  washed  with  Ice- 
cold  water  (2  x  500  mL) .  The  organic  layer  Is  dried  over  anhydrous  sodlvim 
sulfate  and  evaporated  to  dryness.  The  obtained  residue  Is  again  treated 
with  boron  trlfluorlde  etherate  (25  mL)  and  worked  up  as  previously  described 
to  yield  4.4  g  of  additional  product,  which  is  Identical  to  the  main  crop 
and  hence  they  are  combined.  Total  yield:  159.4  g  (80.9%);  m.p.  220-221* 
lit  220*. 

4aH - r- lObH - trans - 5 - Acetvl - 8 . 9-methvlenedloxv- 3.4.4a. 10b -H- te trahvdro - 
6 ( 5H)phenanthrldone  (2):  A  mixture  of  tetrahydrophenanthrldone  ^  (50.0  g, 
0.206  mol),  acetic  anhydride  (500  mL)  and  DHAP  (1.0  g)  Is  refluxed  for  4 
hours.  Upon  cooling  a  solid  precipitates  from  solution.  The  precipitate 
Is  collected  by  filtration  and  sucked  to  dryness.  The  filtrate  Is  evaporated 
under  reduced  pressure  (40*),  the  resulting  solid  Is  triturated  with  ethanol, 
filtered,  and  the  filter  cake  Is  combined  with  the  one  obtained  previously. 
After  an  additional  trituration  of  the  combined  product  with  ethanol,  the 
solid  Is  filtered  off,  washed  with  Ice-cold  ethanol  and  air  dried.  Yield: 
40.0  g  (62%);  m.p.  155-157*,  lit.  157-158*. 

4H-r .  3H- trans .3- (3* .4' -MethYlenedtoxy-6* -carboxvphenvl) •4-acetamlno- 
1-cvclohexene  (fi) :  N-acetylphenanthrldone  2  (60.0  g,  0.2  mol)  is  suspended 
In  methanol  (1  L) ,  then  a  solution  of  potassium  hydroxide  (22.4  g,  0.4  mol) 
In  water  (400  mL)  Is  added,  and  the  flask  is  Immersed  In  a  water  bath 
preheated  to  80*.  The  reaction  mixture  reaches  a  temperature  of  70*C,  and 
the  reaction  Is  kept  at  that  temperature  for  15  minutes.  When  cooled  to 
room  temperature  a  white  solid  starts  to  separate .  The  volume  of  the 
reaction  mixture  Is  reduced  to  400  ml  and  the  resulting  precipitate  Is 
collected  by  filtration,  washed  with  water  (2  x  25  mL)  and  dried  In  air. 
It  can  be  shown  that  the  obtained  precipitate  Is  starting  material  2- 

The  filtrate  is  cooled  in  an  Ice  bath  and  acidified  with  con.  hydro¬ 
chloric  acid  to  form  a  white  precipitate  tha't  Is  filtered  off,  washed  with 
water  (2  x  25  mL)  and  dried  In  air.  This  product  agrees  in  its  spectral 
and  analytical  data  with  the  structural  assignment  for  £,  hence  It  Is 
taken  in  the  next  step  without  further  purification.  Yield:  40.0  g  (62%); 
m.p.  200-201*,  lit.  198-201*.  Recovered  starting  material:  20.5  g  (37.0%). 
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dloxv- 1.2.3.4.4a. lOb-hexahvdrobenzo  f b . dl Dvrone - 6  (£)  :  To  a  well-stirred 
suspension  of  acetylanlno  carboxylic  acid  £  (145.3  g,  0.48  mol)  in  tetra- 
hydrofuran  (2  L)  powdered  N-bromosuccinimlde  (89.0  g,  0.497  mol)  is  added 
in  a  single  portion.  Most  of  the  solid  dissolves,  and  a  crystalline  material 
begins  to  separate.  After  stirring  for  1  hour  the  reaction  mixture  is 
cooled  in  an  ice  bath,  then  the  precipitate  is  collected  by  filtration, 
washed  with  cold  tetrahydrofurane ,  and  dried.  Yield:  175.5  g  (93.3%); 
m.p.  265-267*.  lit.  270*. 

4aH-r.lH-trans.l0bH-cis.l-Acetvlamlno-8.9-methvlenedioxv-1.2.4a.l0b- 
tetrahvdrodlbenzofb.d1pvrone-6  (lO) :  A  mixture  of  acetylanlnobromolactone 
2  (456.1  g.  1.163  mol)  and  DBU  (182  g.  1.2  mol)  in  pyridine  (5.0  L)  is  kept 
at  reflux  for  8h  hours  under  anhydrous  conditions.  After  cooling  ovemi^t 
a  crystalline  material  precipitates.  The  solid  is  filtered  off  and  slurred 
with  water  for  10  minutes,  filtered,  and  air-dried.  The  filtrate  is  evapo¬ 
rated  to  dryness  at  oil  vacuum  pressure,  and  the  solid  residue  is  slurred 
in  water  for  10  minutes,  filtered,  air-dried,  and  confcined  wltdi  the  previous 
precipitate.  Yield:  339.0  g  (93.7%);  m.p.  270-272*,  lit.  263-267*. 

4aH -  r .  IH  -  trans  .  1  -Hvdroxv- 8 . 9 -methvlenedioxv- 1 .4.4a.  10b-  tetrahvdro- 
6 f  5H')  -nhenanthrldone  (H) :  A  mixture  of  acetylaminolactone  10  (60.0  g, 
0.193  mol)  and  ethanol  (150  mL)  is  treated  with  a  solution  of  NaOH  (30  g) 
in  water  (150  mL) ,  then  the  reaction  is  heated  to  90-95*C,  and  kept  at 
that  temperature  for  8  hours.  A  small  amount  of  water  is  added  periodically 
to  dissolve  a  solid  that  separates.  The  reaction  mixture  is  allowed  to 
cool  to  room  temperature  overnight,  the  precipitated  solid  is  collected  by 
filtration,  washed  with  water  and  dried  in  air.  The  filtrate  is  acidified 
with  concentrated  hydrochloric  acid,  the  resulting  precipitate  is  filtered, 
washed  with  water  (3  x  100  mL)  and  dried  in  air.  Both  precipitated  solids 
are  found  to  be  identical  therefore  they  are  combined,  however,  NMR-analysis 
Indicates  the  presence  of  substantial  amounts  of  starting  material.  The 
product  is  redlssolved  in  20%  sodium  hydroxide  (300  mL) ,  kept  at  120*  for 
five  hours,  cooled,  and  reprecipitated.  Repeating  the  procedure  five 
times  the  obtained  product  does  not  show  any  more  contamination.  Yield: 
94.0  g:  m.p.  260-280*  (dec.),  lit.  265-280*  (dec.). 


4aH-r  .  IH -  trans . 1- (2 * -Tetrahydropyranvloxv) - 8 . 9-methvlenedioxv- 
1 .4.4a.l0b-tetrahvdro-6^5H)phenanthridone  f  12> :  To  a  suspension  of  hydroxy- 
phenanthridone  ^  (50  g,  0.193  mol)  in  dichloromethane  (1.5  L)  is  added 
dihydropyran  (70  mL,  0.657  mol)  and  p-toluene  sulfonic  acid  (8.0  g) .  The 
reaction  mixture  is  stirred  for  72  hours  with  Intermittent  warming  to  35*  . 
The  undissolved  starting  material  is  removed  by  filtration  and  the  filtrate 
is  washed  with  saturated  sodium  bicarbonate  solution  (2  x  500  mL)  and 
water  (500  mL) .  The  organic  layer  is  dried  with  sodium  sulfate  and  evapor¬ 
ated  to  obtain  a  solid.  Ethanol  (25  mL)  and  ether  (500  mL)  are  added  to 
the  solid  and  kept  overnight  at  room  temperature.  The  solid  is  filtered, 
washed  with  ether  (2  x  200  mL)  and  air-dried  to  yield  a  white  crystalline 
material.  Yield:  54.0  g;  m.p.  218*. 


1.4.4a. 10b-tetrahvdro-6f 5H)phenanthrtdone  (12) :  Phenanchridone  derivative 
12  (82.0  g,  0.239  mol)  and  3-chloroperoxybenzolc  acid  (82.0  g,  0.478  mol) 
are  dissolved  in  methylene  chloride  (1.4  L)  and  stirred  for  two  days.  The 
organic  solution  is  washed  with  saturated  sodium  bicarbonate  solution  (2  x 
600  mL)  and  water  (2  x  500  mL) ,  dried  over  sodium  sulfate  and  concentrated 
under  reduced  pressure  to  a  volume  of  approx.  75  mL.  Ether  (200  mL)  is 
added  and  the  resulting  precipitate  is  collected  by  filtration  and  washed 
with  ether  (100  mL) .  Yield:  71.1  g;  m.p.  243*.  lit.  250*. 


8 .9-methvlenedioxv-l .2 .4a.l0b-tetrahvdro-6(5H) -ohenanthridone  (14) :  To  a 
suspension  of  diphenyldiselenide  (25.3  g,  0.081  mol)  in  anhydrous  ethanol 
(500  mL)  is  added  sodium  borohydride  (6.5  g,  0.17  mol)  in  small  portions, 
while  controlling  the  temperature  with  an  ice  bath.  To  the  clear  solution 
epoxide  12  (54.0  g,  0.15  mol)  Is  added  in  one  portion,  then  the  reaction 
mixture  is  maintained  at  reflux  temperature  for  two  hours.  Subsequently, 
the  volume  of  the  reaction  solution  is  reduced  to  250  mL  by  evaporation  xmder 
reduced  pressure,  tetrahydrofurane  (750  mL)  is  added,  and  Che  temperature 
is  adjusted  to  about  3*  in  an  ice  bath.  Hydrogen  peroxide  (30  wt.  %,  250 
mL,  2.2  mol  equiv.)  is  slowly  added  while  stirring,  during  which  time 
a  white  solid  precipitates.  The  reaction  mixture  is  heated  to  reflux 
temperature,  and  reflux  is  maintained  for  7  hours  during  which  time  all 
the  solid  dissolves  and  the  reaction  mixture  becomes  dark  in  color.  Upon 
cooling,  water  (2  L)  is  added  and  the  mixture  is  extracted  with  ethyl 
acetate  (3  x  700  mL) .  The  organic  phase  is  washed  with  water  (2  x  500 
mL) ,  dried  over  sodium  sulfate,  and  upon  evaporation  of  the  solvent  a 
white  solid  is  obtained,  which  is  washed  with  ether  (2  x  200  mL) .  Yield: 
38.5  g;  m.p.  230-235* ;  lit.  232*.  The  product  (7  g)  is  recrystallized 
from  ethanol  to  give  6.7  g  pure  product. 

4aH-Xj^lH-trans  .  2H-cis .  3H-trans  .4H-trans  .  lObH-trans  .  1 . 3 .4-hvdroxv- 


mm 


(1^):  Osmium  tetroxide  (100  mg)  is  added  to  a  solution  of  methylmorpholine- 
N-oxlde  (2.2  g)  dissolved  in  t-butanol  (25  mL) ,  acetone  (25  mL)  and  water 
(20  mL) ,  and  the  mixture  is  stirred  for  10  minutes.  A  warm  solution  of 
phenanthrldone  14  (4.0  g,  11  mmol)  in  t-butanol  (200  mL)  and  acetone  (200 
mL)  is  added  to  Che  osmium  tetroxide  solution  over  a  five  minute  period. 
TLC  indicates  that  after  24  hours  Che  reaction  shows  about  60%  conversion, 
therefore  500  mg  N-methylmorpholine-N-oxlde  and  50  mg  of  osmiumtetroxide 
are  added.  After  another  24-hour  period  and  95%  conversion  the  reaction 
is  terminated  by  evaporating  the  solvent  under  reduced  pressure  at  35*C 
bath  temperature.  The  resulting  tarry  residue  is  triturated  with  ethanol 
(25  mL) ,  the  ethanol  is  evaporated,  another  trituration  with  ethanol  (25 
mL)  leaves  Che  product  as  a  crystalline  suspension  in  ethanol,  and  upon 
filtration  product  12  is  obtained  as  a  pale -yellow  solid;  yield  3.6  g 
(82%),  m.p.  222-224*.  This  material  is  used  in  the  next  step  without 
further  purification. 
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Trihydroxy  compound  IS  (3.4  g,  8.6  mmol)  is  suspended  in  ethanol  (150  mL) , 
and  p- toluene  sulfonic  acid  (200  mg)  is  added.  The  reaction  mixture  is 
heated  to  reflux,  and  TLC  (Silica  gel;  chloroform-methanol  6:1)  indicates 
that  the  reaction  reaches  completion  after  3  hours  at  reflux.  During 
reflux  the  reaction  mixture  turns  clear  after  about  Ih  hours  and  a  product 
starts  to  crystallize.  Upon  cooling  the  precipitated  crystals  are  collected 
by  filtration,  the  mother  liquor  produces  a  second  crop  after  concentration 
and  the  combined  precipitates  are  recrystallized  from  acetic  acid  (250  mL). 
Since  the  obtained  material  shows  impurities,  a  second  recrystallization 
from  water  produces  tetrahydroxy  compound  as  an  analytically  pure,  off- 
white  amorphous  powder.  Yield:  57%,  m.p.  308*  (dec.);  lit. 


Experimental^"**^ 

Ethvl - trans • 2 • <  3  * . 4  * -roethvlenexil oxYohenyl ) • 3 • cvclohexene - 1 - carboxylic 
acid  (2):  Plperonal  (500  g,  3.33  mol)  is  dissolved  In  tetrahydrofurane  (3  L, 
and  the  solution  Is  cooled  below  S*  in  an  ice  bath.  Allylmagneslum  chloride 
solution  (2000  mL,  4.0  mol)  is  added  over  a  2H  hour  period  while  maintaining 
the  temperature  below  5* .  After  completion  of  addition,  the  reaction 
mixture  is  stirred  an  additional  30  minutes  at  low  temperature.  Then  it 
is  allowed  to  warm  up  to  room  temperature  and  kept  there  for  three  hours. 

After  cooling  again  below  5*  a  saturated  ammonium  chloride  solution 
(1  L)  Is  added  during  a  40  minute  Interval.  The  organic  layer  is  separated 
and  washed  with  brine  (4  L)  several  times,  and  the  aqueous  layer  is  washed 
with  chloroform  (1  L) .  The  combined  organic  layers  are  dried  over  sodium 
sulfate,  filtered,  and  the  solvent  is  removed  under  reduced  pressure. 
Upon  eliminating  any  remaining  solvent  under  high  vacuum,  the  resulting 
oil  is  applied  in  the  subsequent  reaction  without  further  purification. 

The  obtained  allyl  carbinol  derivative  2  (309  g)  ethyl  acrylate  (195  g) 
and  p-toluene  sulfonic  acid  (54  g)  are  kept  in  a  sealed  bomb  at  175'185* 
for  six  hours.  Upon  cooling  the  reaction  mixture  is  submitted  to  distilla¬ 
tion  under  reduced  pressure  to  eliminate  excess  ethyl  acrylate.  The  residue 
is  dissolved  in  ether  (3  L),  the  organic  layer  is  washed  with  water  (1  L), 
5%  sodium  bicarbonate  solution  (1  L),  and  water  (1  L).  After  drying  with 
sodium  sulfate  overnight  the  solvent  is  taken  off  under  reduced  pressure 
and  the  residual  oil  Is  fractionally  distilled  where  the  desired  product  1 
bolls  at  145-155*/0. 25  mm  Hg,  yield  263  g  (90%).  (Overall  yield  29%). 

trans-2- (3* .4* -Methylenedioxynhenvl) •3-cvclohexene-l-carboxvllc  acid 
(4);  A  solution  of  sodium  metal  (10  g,  0.435  mol)  In  ethanol  (300  mL)  Is 
combined  with  a  solution  of  phenyl  ester  2  in  ethanol  (300  mL) ,  and  the 
resulting  mixture  Is  kept  at  reflux  for  2  hours.  Water  (60  mL)  is  added 
to  the  reaction  mixture  and  reflux  is  continued  for  4  more  hours.  The 
ethanol  is  evaporated  under  reduced  pressure,  the  residue  is  dissolved  in 
water  (1  L)  and  washed  with  ether  (  3  x  300  mL) .  Upon  cooling  the  aqueous 
layer,  the  pH  is  adjusted  to  pH  2  with  cone,  hydrochloric  acid  (prox.  25 
mL) ,  stirred  for  30  minutes,  and  the  precipitate  is  collected  by  filtration. 
The  product  is  washed  with  water  and  air-dried  to  yield  81.1  g  (90.3%)  of 
acid  4;  m.p.  101-102*,  lit.  102-103*. 

4aH-r.l0bH-trans-8.9-MethYlenedloxY-3.4.4a.l0b-tetrahvdro-6f5H)-phenan- 
thrldone  (§,) :  Carboxylic  acid  ^  (200  g,  0.81  mol)  Is  dissolved  In  acetone 
(1  L) ,  water  (200  mL)  and  trlethylamlne  (82  g,  0.81  mol)  is  added,  and  the 
mixture  is  cooled  in  an  ice  bath.  A  solution  of  ethyl  chloroformate  (87.4  g, 
0.81  mol)  in  acetone  (200  ml)  is  added  slowly  while  stirring.  Two  hours 
after  completion  a  solution  of  sodium  azide  (80  g,  1.23  mol)  in  water  (200 
mL)  is  added  slowly  during  a  one  hour  interval ,  followed  by  two  hours  of 
stirring  at  the  lowered  temperature.  A  mixture  of  toluene  (1  L)  and  water 
(1.5  L)  is  added  and  stirring  Is  continued  for  an  additional  1.5  hours.  The 
organic  layer  is  separated,  the  aqueous  layer  washed  with  toluene  (300  mL) , 
and  the  combined  organic  layers  are  washed  with  water  (2  x  1  L)  and  dried 
over  sodium  sulfate. 
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After  filtering,  the  obtained  solution  is  concentrated  to  1700  mL 
under  diminished  pressure  at  45* ,  followed  by  maintaining  the  concentrated 
solution  at  reflux  for  4  hours.  When  TLC  shows  the  disappearance  of  starting 
material  the  solution  is  cooled,  and  the  solvent  is  evaporated  under  reduced 
pressure  to  leave  ^  as  a  light  tan  colored  oil,  which  is  used  in  the  next 
step  without  further  purification. 

The  oily  product  ^  is  cooled  in  an  ice -water  bath  and  carefully  treated 
with  boron  trifluoride  etherate  (400  mL,  3.0  mol).  The  reaction  mixture 
is  allowed  to  stand  at  room  temperature  overnight.  The  crystalline  solid 
that  separates  is  filtered,  washed  with  ether  (3  x  200  mL)  and  dried  in 
air;  yield  155.0  g.  The  filtrate  is  evaporated  to  dryness  under  high 
vacuum,  the  residue  is  dissolved  in  ether  (400  mL)  and  washed  with  ice- 
cold  water  (2  x  500  mL) .  The  organic  layer  is  dried  over  anhydrous  sodium 
sulfate  and  evaporated  to  dryness.  The  obtained  residue  is  again  treated 
with  boron  trifluoride  etherate  (25  mL)  and  worked  up  as  prevloiisly  described 
to  yield  4.4  g  of  additional  product,  which  is  identical  to  the  main  crop 
and  hence  they  are  combined.  Total  yield:  159.4  g  (80.9%);  m.p.  220-221* 
lit  220*. 

4aH-r-10bH-trans-5-Acetvl-8.9-methvlenedioxv-3.4.4a.l0b-H-tetrahvdro- 
6 ( SH^phenanthrldone  (2)'  A  mixture  of  tetrahydrophenanthrldone  4  (50.0  g, 
0.206  mol),  acetic  anhydride  (500  mL)  and  DMAP  (1.0  g)  is  refluxed  for  4 
hours.  Upon  cooling  a  solid  precipitates  from  solution.  The  precipitate 
is  collected  by  filtration  and  sucked  to  dryness.  The  filtrate  is  evaporated 
under  reduced  pressure  (40*),  the  resulting  solid  is  triturated  with  ethanol, 
filtered,  and  the  filter  cake  is  combined  with  the  one  obtained  previously. 
After  an  additional  trituration  of  the  combined  product  with  ethanol,  the 
solid  is  filtered  off,  washed  with  ice-cold  ethanol  and  air  dried.  Yield: 
40.0  g  (62%);  m.p.  155-157*,  lit.  157-158*. 

4H-t^1H-  trans..3--(3*  .4*  -MethYlenedioxv-6'  -carboxYPhenvl)  -4-acetamino- 
1-CYclohexene  (£) :  N-acetylphenanthrldone  2  (60.0  g,  0.2  mol)  is  suspended 
in  methanol  (1  L) ,  then  a  solution  of  potassium  hydroxide  (22.4  g,  0.4  mol) 
in  water  (400  mL)  is  added,  and  the  flask  is  immersed  in  a  water  bath 
preheated  to  80*.  The  reaction  mixture  reaches  a  temperature  of  70*C,  and 
the  reaction  is  kept  at  that  temperature  for  15  minutes.  When  cooled  to 
room  temperature  a  white  solid  starts  to  separate.  The  volume  of  the 
reaction  mixture  is  reduced  to  400  ml  and  the  resulting  precipitate  is 
collected  by  filtration,  washed  with  water  (2  x  25  mL)  and  dried  in  air. 
It  can  be  shown  that  the  obtained  precipitate  is  starting  material  2- 

The  filtrate  is  cooled  in  an  ice  bath  and  acidified  with  con.  hydro¬ 
chloric  acid  to  form  a  white  precipitate  thar  is  filtered  off,  washed  with 
water  (2  x  25  mL)  and  dried  in  air.  This  product  agrees  in  its  spectral 
and  analytical  data  with  the  structural  assignment  for  £,  hence  it  is 
taken  in  the  next  step  without  further  purification.  Yield:  40.0  g  (62%); 
m.p.  200-201*,  lit.  198-201*.  Recovered  starting  material:  20.5  g  (37.0%). 
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dloxv-1 . 2.3.4.4a. lOb-hexahvdrobenzofb.cnpvrone-6  (2):  To  a  well-stirred 
suspension  of  acetylamino  carboxylic  acid  £  (145.3  g,  0.48  mol)  in  tetra- 
hydrofuran  (2  L)  powdered  N-bromosuccinioide  (89.0  g,  0.497  mol)  is  added 
in  a  single  portion.  Most  of  the  solid  dissolves,  and  a  crystalline  material 
begins  to  separate.  After  stirring  for  1  hour  the  reaction  mixture  is 
cooled  in  an  ice  bath,  then  the  precipitate  is  collected  by  filtration, 
washed  with  cold  tetrahydrofurane,  and  dried.  Yield:  175.5  g  (93.3%); 
m.p.  265-267*.  lit.  270*. 


4aH  - r  .  IH-  trans  . lObH-cts . l-Acetvlan'ino-8 . 9-methvlenedioxv-l  ■2.4a.  10b- 
tetrahvdrodlbenzo fb ■ dlDvrone-6  (10) :  A  mixture  of  acetylamlnobromolactone 
£  (456.1  g,  1.163  mol)  and  DBU  (182  g,  1.2  mol)  in  pyridine  (5.0  L)  is 
kept  at  reflux  for  8h  hours  under  anhydrous  conditions.  After  cooling 
overnight  a  crystalline  material  precipitates.  The  solid  is  filtered  off 
and  slurred  with  water  for  10  minutes,  filtered,  and  air-dried.  The  filtrate 
is  evaporated  to  dryness  at  oil  vacuum  pressure,  and  the  solid  residue  is 
slurred  in  water  for  10  minutes,  filtered,  air-dried,  and  combined  with 
the  previous  precipitate.  Yield:  339.0  g  (93.7%);  m.p.  270-272*,  lit. 
263-267*. 

4aH-r .  IH-trans  .  l-Hvdroxv-8 . 9-methvlenedioxv-l. 4.4a. lOb-tetrahvdro- 
6 ( 5H ) phenanthr i done  (H) :  A  mixture  of  acetylamlnolactone  10  (60.0  g, 
0.193  mol)  and  ethanol  (150  mL)  is  treated  with  a  solution  of  NaOH  (30  g) 
in  water  (150  mL) ,  then  the  reaction  is  heated  to  90-95*C,  and  kept  at 
that  temperature  for  8  hours.  A  small  amount  of  water  is  added  periodically 
to  dissolve  a  solid  that  separates.  The  reaction  mixture  is  allowed  to 
cool  to  room  temperature  overnight,  the  precipitated  solid  is  collected  by 
filtration,  washed  with  water  and  dried  in  air.  The  filtrate  is  acidified 
with  concentrated  hydrochloric  acid,  the  resulting  precipitate  is  filtered, 
washed  with  water  (3  x  100  mL)  and  dried  in  air.  Both  precipitated  solids 
are  found  to  be  Identical  therefore  they  are  combined,  however,  NMR-analysis 
indicates  the  presence  of  substantial  amounts  of  starting  material.  The 
product  is  redissolved  in  20%  sodium  hydroxide  (300  mL) ,  kept  at  120*  for 
five  hours,  cooled,  and  reprecipitated.  Repeating  the  procedure  five 
times  the  obtained  product  does  not  show  any  more  contamination.  Yield: 
94.0  g;  m.p.  260-280*  (dec.),  lit.  265-280*  (dec.). 

4aH-  r  .  IH  -  trans .1- (2  * -TetrahydroPYranYloxv)-8.9-methvlenedioxv- 
1 . 4 . 4a .  10b -  te trahvdro  -  6  ( 5H)phenanthr idone  (12) :  To  a  suspension  of  hydroxy- 
phenanthrldone  U  (50  g,  0.193  mol)  in  dichlorome thane  (1.5  L)  is  added 
dihydropyran  (70  mL,  0.857  mol)  and  p-toluene  sulfonic  acid  (8.0  g) .  The 
reaction  mixture  is  stirred  for  72  hours  with  intermittent  warming  to  35* . 
The  undlssolved  starting  material  is  removed'  by  filtration  and  the  filtrate 
is  washed  with  saturated  sodium  bicarbonate  solution  (2  x  500  mL)  and 
water  (500  mL) .  The  organic  layer  is  dried  with  sodium  sulfate  and  evapor¬ 
ated  to  obtain  a  solid.  Ethanol  (25  mL)  and  ether  (500  mL)  are  added  to 
the  solid  and  kept  overnight  at  room  temperature.  The  solid  is  filtered, 
washed  with  ether  (2  x  200  mL)  and  air-dried  to  yield  a  white  crystalline 
material.  Yield:  54.0  g;  m.p.  218*. 


4aH- r .  IH-  trans  .  1  -  f  2  *  -TetrahydroDvranvloxv) -2 . 3-epoxv-8 . 9-methvlenedloxv- 

l. 4.4a.  10b -  te trahvdro - 6  ( 5H') phenanthr Idone  (13) :  Phenanthridone  derivative 
12  (82.0  g,  0.239  mol)  and  3-chloroperoxybenzolc  acid  (82.0  g,  0.478  mol) 
are  dissolved  in  methylene  chloride  (1.4  L)  and  stirred  for  two  days.  The 
organic  solution  Is  washed  with  saturated  sodium  bicarbonate  solution  (2  x 
600  mL)  and  water  (2  x  500  mL) ,  dried  over  sodium  sulfate  and  concentrated 
under  reduced  pressure  to  a  volume  of  approx.  75  mL.  Ether  (200  mL)  is 
added  and  the  resulting  precipitate  is  collected  by  filtration  and  washed 
with  ether  (100  mL) .  Yield:  71.1  g;  m.p.  243*.  lit.  250*. 

4H-r .IH-trans .2H-cis .lObH-trans .1- (2* -Tetrahvdropvranvloxv) -2-hvdroxv- 
8 .9-methvlenedioxy-l .2 .4a. 10b-tetrahvdro-6(5H) -phenanthridone  (14) :  To  a 
suspension  of  dlphenyldiselenide  (25.3  g,  0.081  mol)  in  anhydrous  ethanol 
(500  mL)  is  added  sodium  borohydrlde  (6.5  g,  0.17  mol)  in  small  portions, 
while  controlling  the  temperature  with  an  ice  bath.  To  the  clear  solution 
epoxide  (54.0  g,  0.15  mol)  is  added  in  one  portion,  then  the  reaction 
mixture  is  maintained  at  reflux  temperature  for  two  hours.  Subsequently, 
the  volume  of  the  reaction  solution  is  reduced  to  250  mL  by  evaporation 
under  reduced  pressure,  tetrahydrofurane  (750  mL)  is  added,  and  the  tempera¬ 
ture  is  adjusted  to  about  3*  in  an  ice  bath.  Hydrogen  peroxide  (30  wt.  %, 
250  mL,  2.2  mol  equlv.)  is  slowly  added  while  stirring,  during  which  time 
a  white  solid  precipitates.  The  reaction  mixture  is  heated  to  reflux 
temperature,  and  reflux  is  maintained  for  7  hours  during  which  time  all 
the  solid  dissolves  and  the  reaction  mixture  becomes  dark  in  color.  Upon 
cooling,  water  (2  L)  is  added  and  the  mixture  is  extracted  with  ethyl 
acetate  (3  x  700  mL) .  The  organic  phase  is  washed  with  water  (2  x  500  mL) , 
dried  over  sodium  sulfate,  and  upon  evaporation  of  the  solvent  a  white 
solid  is  obtained,  which  is  washed  with  ether  (2  x  200  mL) .  Yield:  38.5  g; 

m. p.  230-235*;  lit.  232*. 

The  product  (7  g)  is  recrystallized  from  ethanol  to  give  6.7  g  pure 
product. 

4aH -  r .  IH-  trans .2H-cis . 3H- trans ■4H- trans . lObH-trans-l- (2* -Tetrahvdro- 
pvranvloxv)-2.3.4-trlhvdroxv-8.9-roethvlenedioxv-1.2.3.4.4a.l0b-hexahvdro- 
6(5H)phenanthridone  (15) ;  Osmium  tetroxide  (100  mg)  is  added  to  N-Mcthylmor- 
phollne-N-oxlde  (5.5  g,  47  mmol),  dissolved  in  a  mixture  of  t*butanol 
(30  mL) ,  acetone  (30  mL)  and  water  (20  mL) .  A  solution  of  intermediate 
(10.0  g,  28  mmol)  in  t-butanol  (500  mL)  and  acetone  (200  mL)  is  added  to 
the  osmium  tetroxide  solution  and  the  resulting  mixture  is  stirred  for  24 
hours,  when  additional  N-methylmorphollne-N-oxide  (4  g,  34  mmol(  and  osmium 
tetroxide  (100  g)  is  added.  The  reaction  is  completed  after  stirring  an 
additional  24  hours,  and  the  solvent  is  removed  under  reduced  pressure. 
The  residual  solvent  is  eliminated  by  co-evaporation  with  ethanol  (50  mL 
twice) .  Upon  trituration  of  the  residue  with  ethanol  (30  mL)  the  product 
crystallizes  and  it  is  collected  by  filtration.  Yield:  8.1  g  (74%);  m.p. 
218*  (decomp). 
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Intermediate  (3.4  g,  9.5  mmol)  and  p-toluene  sulfonic  acid  monohydrate 
(500  mg)  are  dissolved  In  ethanol  (300  mL) ,  and  kept  at  reflux  for  12 
hours,  while  monitoring  the  reaction  by  TLC.  Upon  completion  the  volume 
Is  reduced  to  about  40  mL,  cooled,  and  the  resulting  product  collected  by 
filtration.  The  obtained  material  Is  placed  in  acetic  anhydride  (200  mL) 
containing  dimethylamine  pyridine  (400  mg) .  After  keeping  the  solution  at 
reflux  for  10  hours  the  acetic  anhydride  is  removed  by  distillation  under 
reduced  pressure,  the  residual  acetic  anhydride  Is  eliminated  by  co-evapora¬ 
tion  with  ethanol  (2  x  50  mL) ,  and  the  solid  residue  is  recrystallized 
from  acetone  (200  mL)  to  yield  2.1  g  (51%)  of  product;  m.p.  306*. 
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List  of  Compounds  in  Progress: 


AVS  94 


AVS  136 


5 -Hydroxy- 1,2,3- tr lazole - 4 - carboxamide 

5-Hydroxy-l-^-D-ribofuranosyl-l,2 ,3-triazole- 
4 -carboxamide 


AVS  360 


AVS  TFN 


Lycorlcldlne  triacetate 

Protected  and  unprotected  Thlazofurin  nitrile 


Ribavirin  Metabolites 


i 

Si* 


AVS  206 


Prodrug  Ester 

Ribavirin  amldlne  hydrochloride 


Structures  of  Compounds  in  Progress 


AVS  94  will  be  synthesized  according  to  the  following  scheme^^ 


// 

HflN — C 

/CHg  + 
HpN— C 
^^0 


RVS94 


Presently  the  starting  materials  are  being  prepared  to  initiate  the 
synthesis  of  AVS  94. 


AVS  136  will  be  synthesized  according  to  the  following  sheme**. 


RVS136 


Presently  the  starting  materials  are  being  collected  to  Initiate  the 
synthesis  of  AVS  136. 
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A  final  preparation  of  Lycorlcldlne  triacetate  la  being  prepared, 
using  up  all  the  intemedlates  left  over  from  a  preparation  which  was 
submitted  last  year. 


a 


RVS360nR 


nVS360 


About  3  to  4  grams  of  AVS  360  can  be  expected  to  be  shipped  soon. 


r,  I’,  i’.'i’. 


Trlacetyl  thiazofurln  (50  g)  has  been  dehydrated  to  form  the  carbo 
nitrile. 


RVS-TFN 


A  portion  of  the  acetylcarbonltrlle  has  been  deprotected,  and  the 
blockled  and  deblocked  thiazofurln  nitriles  will  be  submitted  In  the  near 
future . 


The  following  three  compounds,  1, 2, 4 -trlazole- 3 -carboxamide  (1) , 
l,2,4-trlazole-3-carboxyllc  acid  (2),  and  l-^-D-rlbofuranosyl-l,2,4-trlazole' 
3-carboxylic  acid  (2),  found  to  be  metabolic  Intermediates  of  ribavirin 
are  presently  being  prepared,  and  their  submission  can  be  expected  shortly. 


o 


V. 


14 


It  has  been  proposed  to  couple  ^-carbolines  with  ribavirin  to  possibly 
form  a  new  prodrug.  Presently  the  synthetic  steps  are  being  Investigated 
to  optimize  reaction  conditions. 


- N 


HiN-V-N 

& 


Recently  not  much  time  had  been  allocated  to  pursue  this  project. 


ir 


tVAslifeMi! 


Recently  the  preparation  of  2  Kg  of  AVS  206  has  been  assigned  to  this 
contract.  This  large-scale  preparation  necessitates  the  synthesis  of 
about  6  Kg  of  ribavirin,  which  will  be  performed  according  to  previously 
reported  methods  from  this  laboratory.  The  transformation  of  ribavirin  to 
AVS  206  will  be  accomplished  according  to  the  following  scheme. 


"'Vi! 

"w 

HO  W 


AC|0 


NH  ‘  HCI 

- N 


HH, 

lt44CI 


w 

AcO  6Ac 

*1 

Et.N  POCI, 

V 

AcO  OAc 


m 


At  the  moment  suitable  suppliers  are  being  screened  and  questioned  to 
allow  for  an  expedient  and  cost-effective  purchase  of  the  required  starting 
materials . 
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impro>cd  Synthesis  of  l.ycoricidine  Triacetate 

Bheemarao  Ci  t'ii.irk.ir.  Jjy  D.iRc.  l:rnsl  M.  Scluiheri* 

Pharni-l-co  Laboraiorics.  Inc..  II.'.''.''  Cham  Drue.  Siir.i  Vailec.  C.\ 
•i''Uo5.  L'.S  .A. 

The  ^>n^hesls  oT  l>corieii.iine  triacet.ite  by  a  moiiilied  pathway  is 
described.  In  ihis  preparation,  catalytic  amount.s  of  osmium  tetroyide 
■ire  used  to  siereospeciticailv  introduce  two  hydroxy  croups,  rendennii 
the  iiiie  compound  xia  two  noxel  intermediates 

Lycoricidine  (1)  and  lycoricidinol  (2).  tyvo  constituents  found  in 
Ar>uir\  iliiiiiciLit'  plants,  shoxx  strong  groxvth-inhibiting  action  in 
the  rice  seedling  test,  and  they  exhibit  anti-tumor  activity 
against  Ehrlich  carcinoma.'  Such  antimitotic  behavior 
prompted  further  investigations  to  establish  their  configur¬ 
ations  and  conformations.'  which  were  subsequently  eonfirmed 
by  total  synthesis.""' 


Dunng  recent  in  vitro  testing  of  lycoricidine  triacetate  (3)  it 
displayed  antiviral  activity.^  and  a  proposed  in  vivo  study 
necessitated  the  preparation  of  a  larger  quantity  of  3.  The 
isolation  of  lycoricidine  from  plant  matenal  is  impractical  since 


3  8 


( 'imiinunic.ilu’ii-.  I  ' 

Its  abundance  m  fresh  biilhs  of  /.  i  ioro  is  ^  i)  iloil'O  ’  ..  xxhile 
a  repiirted  synthesis  prodiiccii  ixcoricidine  in  .i  2!-'iep  proce¬ 
dure  xyilh  oxer.ill  yield,  ,iarlinc  'xilh  pipcro'i.il  \f:cr 

establishing  the  desired  phenanthndone  .niemicdi.ite  4  :olow- 
ing  a  txveixe-step  pri'eediire.  acclyi.ilion  .ii:d  remox.L  or  ipc 
tetrahydropyranyi  group  fodlo-xx^d  b.  r,, -s,'. 
hydroxylation  with  equimolar  amounis  o|  oonumir.  I!li  o\:dc 
lx)  yield  intermediate  5. 

The  two  1  .'.v-hytiroxy  groups  in  5  are  proiecicd  us  ihc  ooprop-. . 
lidene  acetal  U1  allow  for  ihe  inlrodiielion  ol  a  double  ooiid 
between  C-!  and  C-IOb  by  dehydratu'n.  .Aceiy lation,  foiloxxmc 
removal  of  the  isopropylidene  group,  renders  Ixciincidine  iri.icc- 
tate  in  26 "o  yield,  based  on  intermediaie  4 

The  improxed  preparatuin  ol'3.  as  shoxxn  in  the  scheme,  si.i:-, 
xvith  the  direct  cis-hydroxylation  ol'4  by  utilizing  onix  cai.iixuc 
amounis  of  osmiumiVlll i  oxide,  according  to  a  method  b.e- 
scribed  in  Lit.'  to  yield  tnhydroxy  coinpiuind  6  The  .ibscnce  oi 
isomers  in  the  oxidation  mixture  prior  to  xxork-up.  as  -.ndieaicd 
by  TLC.  attests  to  the  applieahility  of  osmiumi \’!l I )  ov;ce  as  ,i 
highly  siercoselectixe  reagent. 

.-After  acety  lation  of  the  three  hydroxy  groups  in  6,  the  ic'ulting 
0-tetrahydropyranxT  dcnxativc  7  is  hydrolyzed  xvithout  prior 
purification  to  render  intermediate  8.  which  upon  dehydration 
yields  lycoricidine  triacetate  in  37  "a  overall  yield,  starting  xvith 

4. 

Spectral  and  analytical  data  confirm  the  structural  assignments 
of3and.  based  on  400  MHz  'H-NMR.  '-’C-NMR.  CcisV.  and 
HOMCOR  spectra,  the  spatial  arrangement  at  the  four  chiral 
carbons  is  in  agreement  xvith  the  absolute  structure  assigned  to 
lycoricidine.  Two  different  melting  points  have  been  reported  for 
lycoricidine  triacetate,  depending  on  its  origin.-*  but  such  a 
difference  could  be  a  result  of  the  mode  of  recrystallization  to 
obtain  a  product  of  differing  crystal  structure.  Hydrolysis  of  the 
prepared  lycoricidine  triacetate,  according  to  Lit.-',  produces 
lycoricidine  (1).  whose  spectral  and  analytical  data  agree  xvith 
the  reported  values  for  lycoricidine  of  natural  origin. 

Presently,  lycoricidine  triacetate  (3)  is  being  screened  for  its  in 
vivo  antiviral  activity,  and  if  proven  useful  as  an  antiviral  agent, 
it  can  readily  be  prepared  according  to  the  reported  modifica¬ 
tions,  They  make  the  procedure  economically  more  atiraciixe 
for  scale-up  work  because  they  reduce  the  number  of  required 
steps,  thus  improving  the  overall  yield,  while  significantly 
reducing  the  hazards  of  handling  and  disposing  of  large  amounis 
of  highly  toxic  osmium  oxides.'' 

All  solvents  used  were  of  reagent  grade.  Melting  points  were  laken  on  .i 
Thomas-Hoover  capillary  melting  point  apparatus  and  are  uncorrccted. 
TLC  was  run  on  Silica  Gel  GF  plates  i.-\naliech.  Newark.  Del. I  where 
the  products  were  visualized  hy  UV-absorbance,  or  by  iodine  slams. 
Microanalv-scs  were  performed  by  MHW  Laboratones.  Phoenix,  .-Vri- 
zona.  Mass  spectral  analyses  were  taken  on  a  Varan  Modcil  .til. A 
spectrometer  by  Dr  K.H.  Schram,  College  oT  Pharmacy,  Umversilx  oT 
■Arizona.  Tucson,  AZ.  IR  spectra  xxcrc  obtamed  on  .i  Beckman 
.-AccuLab  2.  and  UV  spectra  were  recorded  on  .i  Beckm.in  Model  25 
spectrophotometer.  In  addition  lo  the  standard  NMR  spei  lra,  taken  on 
a  Varian  F..M  39(1  spectrometer,  4IMI  MHz  '1I-\MR.  ''C-NMR.  al- 
laclicd  proton  test  lATPI,  homonuclear  correlation  iCOSA  ),  and  hetc- 
ronuclcar  correlation  (HETCOR)  spectra  were  recorded  h\  SRI  Imcr- 
nalional.  Menlo  Park.  California. 

4aH-,l  H-rran.r,2H-t-i.v,3H-frans.4ll-rrun.v.  lObll-rrans-l -<2- ^t■trah^(lro- 
p>ranyloxy)-2,3,4-trihydroxy-8,9-ml■lhyll■ncdil)X)-l.2.,3.4.4a.l0  b- 
bexahydro-A(5//)phcnanlhridont‘  (bl; 

To  a  solution  ■!!'  .V-mcihxTmorpholme  .V -oxide  l  lb  ()  g,  H  13"  moll  in  i- 
BuGH  (56  iiiLl,  acetone  ( 51)  mi  l.  and  1 1 .( )  1 2li  ml  i.  osmium  tciroxidc 
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(260  mg.  1  mmol)  is  added.  To  this  reaction  medium  is  added  a  solution 
of  phenanthridone  derivative  4*  (28.8  g,  80  mmol)  in  f-BuOH  (700  mL) 
over  a  10  min  period,  followed  by  continued  stirring  for  ^h.  De¬ 
colorizing  carbon  is  added  to  the  dark  solution,  and  after  stirring  for  3  b 
at  room  temperature  the  mixture  is  filtered  through  a  Celite  bed.  The 
resulting  pale-yellow  solution  is  evaporated  under  reduced  pressure. 
The  remaining  oil  is  triturated  with  EtOH  (2S  mL),  and  the  resulting 
crystalline  material  is  collected  by  filtration.  The  solid  is  suspended  in 
HjO  (100  mL).  This  suspension  is  stirred  for  1  h.  and  filtered.  The  off- 
white  solid  is  washed  with  HjO,  and  air-dried  to  give  trihydroxy 
compound  6.  yield;  20.0g  (63%);  m.p.  222  -  223“C;  TLC 
(CHClj/MeOH  6.1),  Rf;  0.60. 

C„H,jNO,  calc.  C  58.01  H  5.89  N  3.56 
(393.4)  found  58.42  5.96  3.62 

IR  (KBr):  v-  3600  -  3200  (br).  2970,  1665,  1610,  1495,  1460,  1390, 
1355,  1260,  1075,  1035cm''. 

'H-NMR  (DMSO-d»/TMS).  6-1.4  (br.s,  9H,  teuahydropyran); 
3.1-4.5  (m,  8H,  5H.„,>  +  30H);  4.9  (s,  1  H,  H-4a);  6.15  (D,  2H, 
y  -  2.5  Hz,  -CHj  -);  6.8  (s,  1  H,  NH);  7.05  (s,  1  H,  H-10);  7.4  (s,  1  H, 
H-7). 


4aH-v,IH-rraJU,2H-c»3H-rra«s,4H-rraaf,10bH-rraar-l-Hy- 
droxy  -2J,4-Criacetoxy-8,9-iiiethyleiie4iaxy-l,2,3,4,4  a,10  b-bexahydro- 
dfS/^phenanthridooe  (8): 

A  mixture  of  trihydroxy  compound  6  (18.6  g,  0.047  mol),  pyridine 
(200  mL),  and  acetic  anhydride  (200  mL)  is  stirred  at  room  temperature 
overnight.  Acetic  anhydride  and  pyridine  are  evaporated  under  reduced 
pressure,  followed  by  evaporation  with  EtOH  to  remove  traces  of 
pyridine.  The  residual  material  is  soaked  in  EtOH  (50  mL)  and  chilled. 
The  resulting  crystalline  material  is  collected  by  filtration,  washed  with 
EtOH  (5CmL),  and  air-dried;  yield  of  intermediate  7;  22.0  g;  m.p. 
275  °C. 

Without  further  characterization,  intermediate  7  is  suspended  in  EtOH 
(500  mL),  p-toluenesulfonic  acid  (500  g)  is  added,  and  the  mixture  is 
kept  at  reflux  for  2  h.  Upon  cooling,  the  crystalline  material  is  filtered, 
washed  with  cold  EtOH  (2  x  25  mL),  and  dried  in  air;  yield  of  8:  15.0  g 
(73%),  m  p.  303-304';  TLC  (CHClj/MeOH  6:1),  Rf:  0.75. 
CjoHj.NO,,  calc.  C  55.17  H  4.86  N  3.21 
435.4  found  54.95  4.90  3.13 

IR  (KBr):  v  -  3460.  3180,  3070,  2965,  1740,  1670,  1480,  1450,  1360, 
1250,  1215,  1040,  920 cm*'. 

'H-NMR  (DMSO-d,-TMS):  S  -  2.05  (s,  6H,  2  acetyl);  2.15  ($,  3H,  1 
acetyl);  3.1-5  5  (m,  7H.|„J;  615  (s,  2H,  -CH,-);  6.9  (s,  1  H,  NH); 
7.35  (s,  1  H,  H-10)  7  9  (s,  1  H,  H-7). 


LycoricidiiM  THacetate  (4aH-v,IH-rraas,2H-cu^H-rre»,4H-rraHLr, 
10bH-rraaj,24i4-Triacetoxy-8,9-aietfayleac4ioxy-2JA4a-4elra- 
hy4r»4(5//)-pb(iiaDUiridoae]  (3); 

Intermediate  8  (7.0  g,  18  mmol)  is  dissolved  in  pyridin?  (70 mL)  while 
stirring,  upon  cooling  of  the  mixture,  thionyl  chloride  (10  mL)  is  added 
over  a  20  min  period  Stirring  is  continued  overnight  while  the  mixture 
is  allowed  to  warm  up  to  room  temperature.  CH^O]  (500  mL)  is  added, 
and  the  solution  is  washed  with  HjO  (2  x  500  raL),  with  10%  hydro¬ 
chloric  acid  (2  X  250  mL),  and  HjO  (2  x  500  mL).  The  organic  phase  is 
dried  (Na]S04)  and  evaporated  under  reduced  pressure  to  yield  a  while 
solid  Upon  trituration  with  MeOH  (40  mL),  the  crystalline  material  is 
filtered,  washed  with  MeOH  (2  x  20  mL)  and  dried  in  air.  This  product 
is  recrysullized  from  CHjClj^eOH,  1:1  (50  mL)  to  give  the  pure 
product  3.  From  the  mother  liquor,  a  second  crop  is  obtained;  total 
yield  60g  (80%);  m.p.  266-268'  (dec). 

C,oH„NO,  calc.  C  57.55  H  4.59  N  3.35 

417.3  found  57.46  4.50  3.36 

The  Ms-,  IR-,  and  UV-spectral  data  all  agree  with  the  reported  values.' 

'H-NMR  (CDCI,/TMS);  6  -  2.09  (s,  3H,  acetyl);  2.11  (s,  3H,  acetyl); 

2  1 5  (s,  3  H,  acetyl).  4  65  (d.  I  H.  y  -  10  Hz,  H-4a);  5,2-5  4  (m,  3  H,  H- 

2,  H-3,  H-4),  6.10  (s,  3H,  H-1,  H-12),  7.00  (s,  1  H,  H-10),  7.35  (s,  1  H, 

NH);  7.50  (s,  1  H.  H-7), 

"C-NMR  (CDa,/TMS):  6-21,0  (3C,  acetyl),  50,1  (C-4a),  68.2  (C- 
4).  68  6  (C-3).  71.2  (C-2),  102.0  (C-12),  103.4  (C-10),  107.5  (C-7),  117.0 
(C-1),  122.5  (C-lOb),  130.3  (C-lOa),  134.1  (C-6a),  149.2  (C-9),  151.7(C- 
8),  164.3  (C-6),  169.5  (C-0),  169,7  (C-O),  170,4  (C-O). 


This  study  was  performed  under  Contract  §DAMDI7-85-C-5071 ,  V.S. 
Army  Medical  Research  Institute  of  Infectious  Diseases.  Fort  Detrick, 
Frederick.  Maryland.  The  findings  in  this  communication  are  those  of  the 
authors  and  should  not  be  construed  as  an  official  Department  of  the 
Army  position,  unless  so  designated  by  other  documentation. 
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Preparation  of  Dimediyl  (I-Fonnylalkyl)phosphonates  ria 
Singlet  Oxygen  Adducts 

Mitsuji  Yaraashita,*  Hiroyuki  Nomoto,  Hiroyuki  Imoto 

Department  of  Applied  Chemistry,  Faculty  of  Engineering,  Shizuoka 
University,  Hamamatsu  432,  Japan 

The  nitro  group  of  dimethyl  (l-nitromethylalkyl)phospbonates  is 
conveniently  converted  into  a  formyl  group  by  reaction  with  singlet 
oxygen  to  give  dimethyl  (]-formylalkyI)phosphonates.  (1-Formyl- 
butyl)diphenylpbosphine  oxide  is  prepared  by  the  same  reaction. 

The  conversion  of  nitroalkanes  into  carbonyl  compounds  is  a 
synthetically  useful  functional  group  interconversion.  The  reac¬ 
tion  is  usually  carried  out  under  strongly  acidic,'  basic  oxida¬ 
tive,'**  neutral  oxidative,*  or  neutral  reductive  con¬ 
ditions. Surprisingly,  our  numerous  attempts  to  effect 
'I’C  analogous  conversion  of  organophosphorus  compounds 
having  a  P-(2-nitroalkyl)  group  under  various  conditions  were 
unsuccessful.  However,  we  then  found  that  oxidation  with 
ozone  conveniently  converts  [l-(nitromethyl)aikyl]diphenyl- 
phosphine  oxides  into  (l-formylalkyl)diphenylphosphine 
oxides;"  however,  overoxidation  is  problematic  and  does  not 
allow  for  efficient  scale-up. 

Phosphoric  esters  are  widely  known  to  excert  a  great  variety  of 
vital  functions.  Some  phosphonates  having  a  C-P  bond,  form¬ 
ally  being  prepared  by  replacing  the  O-atom  of  a  P-O-C  linkage 
of  phosphoric  esters  by  the  isoelectronic  CHj  group,  are  also 
naturally  occuring.  and  their  metabolism  has  been  investi¬ 
gated,'*  Phosphonic  acid  derivatives  such  as  (  — )-(lR,  2S)-1,2- 
epoxypropylphosphonic  acid  (phosphonomycin)  and  dimethyl 
l-hydroxy-2,2,2-trichloroethylphosphonate  (Dipterex)  are  ac¬ 
tive  substances  as  antibiotics  and  pesticides"'"  and  are  there¬ 
fore  of  practical  importance. 
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